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fications, or  other  data,  is  not  to  be  regarded  by  implication  or  other- 
wise, or  in  any  manner  licensing  the  holder  or  any  other  person  or  cor- 
poration or  conveying  any  right  or  permission  to  manufacture,  use,  or 
sell  any  patented  invention  that  may  in  any  way  be  related  thereto. 
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hardened  stainless  steel.  Only  one  Instance  of  serious  corrosion  | 

was  found  in  the  tanks  and  that  was  found  to  be  most  likely  I 

caused  by  an  external  source  in  the  over  one  year  time  elapsed 

between  removal  of  the  tanks  from  hydrazine  storage,  and  the  start 
of  evaluation. 

The  hydrazine  storage  occurred  in  two  periods,  the  first  of 
which  was  one  year  during  which  the  temperature  control  was  a 
problem  (nominal  83.3^).  During  this  time  some  hydrazine 
decomposition  did  occur  and  venting  was  required  to  relieve 
pressure  buildup.  After  modification  and  improvement  of  the 
insulation  and  temperature  control  equipment  in  the  building, 
a temperature  of  120^  was  held  steadily  for  the  3-1/3  years  of  | 

remaining  storage  time,  with  no  further  pressure  rise  or  | 

hydrazine  decomposition,  .tr — 

Some  i..inor  diff Iculillex^were  present  in  these  tanks, 
including  some  shallow  corrosion  of  the  stainless  steel  inlet/ 
outlet  tubes,  and  the  llkelihooX^^that  the  flange  cover  closure 
bolts  had  loosened  slightly  overtjie  extended  storage  period.  | 

In  general,  however,  these  precipitation  hardened  stainless  steel  j 
tanks  showed  good  compatibility  with  hydrazine  and  storability 
for  times  in  excess  of  four  years. 
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SECTION  I 


INTRODUCTION 

The  advent  of  long  term  Air  Force  Weapon  System  Missions 
has  made  it  necessary  to  evaluate  long  term  storability  of 
liquid  rocket  propellant  tystems.  This  contract 
was  concerned  with  the  Metallurgical  evaluation  of  simulated 
aerospace  tankage  after  storage  of  hydrazine  for  over  four  years 
in  unique  environmental  exposure  areas  at  the  Air  Force  Rocket 
Propulsion  Laboratory  (AFRPL) . The  storability  program  was 
designed  to  demonstrate  environmental  compatibility  of  tankage 
alloys  with  rocket  engine  propellants,  thereby  providing  funda- 
mental information  on  tankage  materials,  to  be  used  over  long 
storage  periods. 

The  program  conducted  by  BAT  consisted  of: 

1.  Documentation  of  as-received  exposure  vessels  and 
components. 

2.  Definition  of  anomalies  and  defects  that  altered  the 
functional  capability  of  the  components  and  exposure  vessels. 

3.  In-depth  metallurgical  analysis  of  four  component/tanks 

The  Identities  and  test  histories  of  the  four  tanks  evalu- 
ated in  this  program  are  summarized  in  Table  I.  This  report 
covers  the  third  in  a series  of  programs  conducted  by  Bell 
Aerospace  Textron  for  the  Air  Force  Rocket  Propulsion  Laboratory 


all  with  the  same  otjectivei  of  metallurgically  evaluating  tanks 
and  systems  after  propellant  storage  at  Edwards  Air  Force  Base. 
The  first  program,  reported  in  Reference  1,  covered  over  70 
tanks  and  systems,  I'anging  from  small  one  pint  cylinders  to  com- 


pie  be  prepackaged  systems,  with  various  oxidizer  and  fuel  pro- 
pellants. The  second  program,  reported  in  Reference  2,  covered 
the  detail  analysis  of  a Bullpup  Missile  with  integral  fuel  and 
oxidizer  tanks,  after  it  had  been  defueled  for  UDMH  recovery 
following  over  ten  years  of  propellant  storage. 


Metallurgical  examination  of  the  exposure  vessels/compo- 
nenta  identified  the  nature  and  extent  of  corrosion  and  other 
anomalies  that  had  occurred  over  more  than  four  years  of  storage. 
An  effort  was  made  to  build  a comprehensive  matrix  of  positive 
and  negative  observations  resulting  . com  the  analysis.  Anomalies 
and  failure  modes  were  related  to  exposure  conditions  and  when 
applicable  to  the  mechanical  characteristics  that  were  deterio- 
rated by  the  types  of  corrosion  taking  place.  Processing  and 
environmental  effects  were  analyzed  to  determine  their  role  in 
the  abnormality  or  defect  observed. 


’•  Mechanical  properties  were  obtained  from  specimens  machined 

'•  from  the  test  hardware,  and  Include  base  metal  properties  as 

i well  as  Weld  properties.  These  mechanical  tests  were  necessary 

r to  verify  heat  treatments  and  to  establish  the  extent,  if  any, 

I 

of  degradation  from  exposure,  as  well  as  verifying  the  integrity 


SECTION  II 


PROGRAM  STRUCTURE 

This  contract  continued  the  storability  program  initiated 
by  the  Air  Force  Rocket  Propulsion  Laboratory  (AFRPL)  in  its  effort 
to  bridge  the  gap  between  laboratory  coupon  tests  and  austere 
evaluation  of  tankage  materials  that  have  endured  long  term 
storability  of  earth-storable  fuels  and  oxidizers.  Tankage 
materials  investigated  wet^s  those  common  to  the  aerospace 
industry,  where  strength  to  density  requirements  are  a vital 
economic  factor,  in  the  design  of  advanced  space  systems.  They 
included  aluminum  alloys-  cryogenic  formed  austenitic  stainless 
steel,  and  an  age  hardenable  stainless  steel.  This  program 
dealt  with  the  evaluation  and  demonstration  of  long  term 
storage  (up  to  6 years),  of  tankage,  components  and  integrated 
feed  systems.  The  internal  environment  of  these  components  was 
the  oxidizers  nitrogen  tetroxide  (N2O4)  and  chlorine  penta- 
fluoride  (CIF5),  hydrazine  (N2H4)  and  the  mixed  hydrazine  fuel, 
MHF-5,  (26%  N2H^,  55%  MMH,  19%  hydrazine  nitrate). 

Reports  by  AFRPL  illustrating  the  details  and  some  of  the 
early  results  of  this  storability  program  may  be  found  in 
References  3 and  4. 

The  items  included  in  this  overall  AFRPL  program  may  be 
divided  into  three  basic  groups  (1)  small  containers,  (2) 
representative  type  tankage  and  (3)  tankage  systems  with 
associated  expulsion  devices  and/or  feed  system  components. 
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The  tanks  being  evaluated  after  storage  in  this  portion 
of  the  program  are  all  from  Group  II,  Representative  Tankage. 
The  tanks  in  this  group  axe  of  the  10  to  15  gallon  size,  which 
makes  them  typical  of  the  types  that  would  be  used  in  reaction 
control  systems.  The  tankage  in  this  group  was  fabricated  by 
current  or  advanced  state-of-the-art  methods.  Therefore  the 
range  of  fabrication  and  quality  control  problems  encountered 
in  manufacturing  these  vessels  simulate  those  likely  to  be 
encountered  during  the  manufacture  of  an  operational  liquid 
rocket  system. 


WWWWI’II*. 


SECTION  III 

TEST  FACILITIES  AND  PROCEDURES 

A.  LONG  TERM  STORAGE  FACILITY  - AFRPL 

Storage  of  all  of  the  hydrazine  filled  tanks  examined  in 
this  study  was  conducted  in  a.  Quonset  hut  storage  test  building 
at  the  Air  Force  Rocket  Propulsion  Laboratory,  Edwards  Air  Force 
Base,  California.  This  is  part  of  the  extensive  facility  for 
storage  testing  of  fuel  and  oxidizer  tankage  and  systems  that 
has  been  developed  at  the  Rocket  Propulsion  Laboratory.  The 
fuel  storage  building,  separated  from  the  oxidizer  storage,  can 
be  controlled  at  any  temperature  between  +65“  and  +l65'’F.  Tem- 
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perature  conditioning  is  maintained  by  a heating  and  refrigera- 
tion system.  There  is  no  control  of  relative  humidity.  The 
building  is  insulated  with  a fire  retardan''..,  spray-in-place 
insulation.  The  facility  is  also  equipped  with  a trace  gas 
analyzer  to  detect  any  unnoticed  propellant  spillages,  but  this 
vapor  detector  is  not  tied  into  the  building  air  conditioner 
system  for  automatic  shutdown  as  is  the  case  in  the  oxidizer 
storage  building.  The  tanks  being  evaluated  in  this  program 
had  been  in  storage  for  approximately  one  year  (1969/7O)  when 
the  fuel  storage  facility  was  shutdown  and  tanks  drained  for 
extensive  modification  and  upgrading  of  the  facility.  This 
included  better  temperature  control  equipment  and  the  instal- 
lation of  the  fire  retardant  insulation  mentioned  above.  Thus, 
the  first  year  of  storage  was  under  less  stable  temperature 
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control  than  tho  final  3-1/3  years.  All  fuel  loaded  tanks 
were  equipped  with  pressure  gages  to  monitor  pressure  rise 
during  storage. 

B.  POST- STORAGE  TANKAGE  ANALYSIS  - BAT 

The  destructive  examination  of  these  tanks  was  conducted 
in  the  Bell  Aerospace  Textron  Metallurgical  Laboratories.  The 
facilities  required  to  conduct  the  metallurgical  evaluation  of 
these  tanks  were  available  and  utilized  within  these  laboratories. 
The  evaluation  procedures  used  are  outlined  below  and  suggest  the 
types  of  equipment  required.  The  equipment  used  in  this  work 
is  described  below. 

After  visual  examination  and  photographic  documentation 
of  the  as-received  and  as-sectioned  vessels,  they  were  examined 
in  detail  for  corrosion,  anomalies  or  defects  using  both  binocular 
microscopes  at  low  magnification  and  higher  .magnification  research 
microscopes,  such  as  the  one  shown  in  Figure  1.  Photom.acrographs 
of  local  corrosion  and  other  anomalies  were  taken  on  view  cameras, 
as  seen  in  Figure  2.  Cross  sections  of  leaks,  corroded  areas, 
welds,  etc.  were  prepared  using  the  automatic  rotary  and  vibra- 
tory metallogra.phic  polishing  equipment  shown  in  Figure  3. 
Photomicrographs  of  these  metallographlc  sections,  in  th*"  as- 
polished  condition  and  after  etching  to  reveal  the  microstructure. 
Were  taken  on  the  research  microscope  shown  in  Figure  1.  It 
was  occasionally  necessary  to  use  radiographic  inspection 
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equipment,  shown  in  Figure  4,  especially  to  examine  the  sus- 
pected leak  areas  in  the  girth  weld  of  tank  S/N  3.  Microprobe 
and  X-ray  diffraction  analysis  were  carried  out  on  corrosion 
products  from  S/N  5. 

Mechanical  properties  were  determined  on  all  tanks 
evaluated  in  this  effort  and  the  majority  of  tanks  in  past 
efforts  to  establish  the  heat  treatment  condition  or  presence 
of  degradation  due  to  corrosion  or  other  long  term  storage 
effects.  A wide  range  of  universal  testing  machines  and 
electrohydraulic  closed  loop  testing  systems  were  available 
and  used  to  determine  these  mechanical  properties,  depending 
on  the  load  range  and  any  special  loading  conditions  required. 

A typical  tensile  test  specimen  taken  across  a weld  from  one 
of  these  tanks  is  shown  in  Figure  6,  with  examples  of  fractured 
and  unfractured  mechanical  test  specimens.  A tensile  test  in 
progress  is  shown  in  Figure  5,  utilizing  one  of  the  universal 
testing  machines  with  a load  range  of  3^000  to  300,000  pounds. 


Other  facilities  and  equipment  were  used  in  an  auxiliary 
or  routine  manner  during  various  portions  of  this  evaluation 
program.  These  Included  hardness  testing  equipment  such  as 
conventional  Rockwell  or  Vickers,  Leltz  microhardness  and  a 
Sonodur  for  automatic  microhardness  traverses.  Tank  sectioning 
was  performed  on  abrasive  cutoff  saws,  lathes  and  bandsaws. 
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C . PROCEDURES 

The  procurement  of  test  hardware  and  the  environmental 
testing  of  this  hardware  with  earth- storable  propellants  has 
remained  essentially  unchanged,  since  initiation  of  this  long 
term  compatibility  program.  Reference  1,  Although  these  pro- 
cedures have  been  previously  documented  they  are  also  presented 
here  to  maintain  completeness  of  the  pr.esentatlon  and  to  pro- 
vide a convenient  reference  for  the  post-test  evaluations  of 
exposed  hardware  being  reported  on. 

Test  articles  evaluated  in  this  program  were  procured  from 
aerospace  contractors,  where  primary  responsibility  for  quality 
control  and  quality  assurance  of  the  test  articles  was  vested. 
This  har>-..-,re  was  fabricated  according  to  specific  procedural 
specifications  encompassing  detailed  inspection  and  cleaning 
procedures,  as  dictated  by  the  alloy  being  manufactured. 

Helium  leak  testing  of  all  individual  tankage  in  the  as- 
received  condition  was  performed  to  ensure  against  the  develop- 
ment of  leaks  and  the  Introduction  of  contamination  during 
shipment  of  the  test  articles  from  the  manufacturer.  Upon  com- 
pletion of  the  leak  test,  the  tanks  were  loaded  with  propellant 
and  placed  in  the  appropriate  storage  facility  for  storabillty 
testing.  The  fuel  tanks  were  monitored  for  both  leakage  and 
excessive  pressure  rise. 
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In  the  event  of  excessive  pressure  rise  in  a fuel  tank, 
the  tank  is  vented  and  propellant  and  ullage  gas  samples  are 
taken.  Tanks  which  exhibit  continued  pressure  rise  are  removed 
from  testing  and  analyzed  to  determine  whether  the  pressure 
increase  was  due  to  an  isolated  instance  or  is  indicative  of 
a lack  of  storability  of  the  material/propellant  combination. 

Following  the  above  exposure  test  procedures,  in  this  program 
and  past  programs,  tanks  were  selected  for  destructive  examination 
to  ascertain  the  cause  of  failure  or  other  observed  anomalies. 

The  metallurgical  procedures  used  in  the  assessment  of  corrosive 
damage  consisted  of  an  examination  of  external  and  Internal 
surfaces  of  the  storage  vessels  with  an  in-depth  analysis  fol- 
lowing the  procedure  outlined  below.  This  procedure  was  submitted 
for  approval  of  the  project  officer  prior  to  initiation  of  these 
analyses. 


1.  APPEARANCE  DOCUMENTATION 

a.  Those  anomalies  which  are  in  large  components  will 
have  the  anomaly  and  surrounding  material  segment  cut  down 
for  ease  of  handling. 

b.  Take  photomacrographs  of  anomaly  surfaces^  remove  for 
analysis  any  corrosion  products  or  deposits,  and  take  additional 
photomao rographs  if  surface  changes  or  new  features  are  involved. 

c.  If  not  already  visible,  section  away  from  defect  to 
reveal  inside  surface  of  anomaly  area  and  take  photographs  of 
this  inside  surface. 
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2.  EXAMINATION  OF  LEAK  SURFACES 

(Those  components  analyzed  for  surface  pitting,  etc. 
where  no  leak  or  deep  corrosion  is  involved,  were  examined 
per  3 below. ) 

a.  If  a leak  was  suspected  but  not  pinpointed,  radiographs 
to  verify  location  and  extent  were  utilized, 

b.  The  leak  area  was  removed  carefully  from  the  surrounding 
metal. 

c.  The  leak  area  was  broken  open  by  hand  bending  or  tensile 
fracturing,  to  expose  corrosion  surfaces. 

d.  After  microscopic  e.:amlnation  at  lOX  to  60X,  photo- 
macrographs of  exposed  corrosion  surfaces  vvere  taken, 

e.  A high  magnification  microscope  examination  was  performed 
of  one-half  of  exposed  corrosion  surface,  to  determine  topography 
and  significant  features  of  corroded  surface. 

3.  examination  of  pitted  surfaces 

(For  those  analyses  where  no  leak  is  Involved.) 

a.  Section  through  pitted  region  in  a careful  manner 
(usually  with  Jeweler's  saw)  so  that  at  least  two  segments  of 
essentially  equal  pitting  were  available  for  study. 

b.  Perform  microscopic  examination  of  one-half  of  pitted 
surface  to  determine  topography  and  significant  features  of  pitted 


surface 


4.  MICROSTRUCTURE  AND  RELATION  TO  CORROSION,  LEAK  OR  ANOMALY 

a.  Mount  a cross  section  through  critical  area  of 
anomaly. 

b.  Polish  using  conventional  metallographic  techniques. 

c.  Examine  in  unetched  condition  for  corrosion  penetra- 
tion of  grain  boundaries  or  similar  effects  and  take  photo- 

Sk 

micrographs . 

d.  Etch  with  appropriate  reagents  to  bring  out  micro- 
structure of  weld  and/or  parent  metal. 

e.  Examine  and  take  photomicrographs  of  microstructure, 
both  as  it  relates  to  corrosion  effects  and  also  to  determine 
matrix  microstructure  and  material  effects. 
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5.  CHEMICAL  ANALYSIS  OP  CORROSION  PRODUCTS  AND  CORRODED 

MATERIAL 

a.  If  corrosion  products  were  removed  in  Step  a.  Item  2,  they 
were  analyzed  by  X-ray  diffraction  or  other  analysis  techniques. 

b.  If  there  is  any  suspicion  that  tank  materials  or  weld 
filler  metal  was  not  of  the  alloy  expected  (based  on  micro- 
structure  or  other  observations),  spectrographic  analysis  of 
component  material  was  performed. 


SECTION  IV 


FABRICATION  HISTORY  OF  TANKS  EXAMINED 


In  the  analysis  of  corrosion  behavior  of  any  component 
it  is  instructive,  und  often  necessary,  to  know  the  methods  of 
fabrication  and  the  processing  details  involved,  in  order  to 
arrive  at  meaningful  conclusions  to  the  cause  and  significance 
of  observed  corrosion  effects.  Thus,  in  this  program  of 
analysis  of  representa.tive  tanks,  after  hydrazine  propellant 
exposure,  it  has  been  necessary  to  collect  as  much  fabrication 
history  as  possible  to  aid  In  the  evaluation.  This  history  is 
summarized  in  this  section,  and  is  then  referred  to  in  detail  in 
the  confirmatory  analyses  discussed  in  Section  V on  tank  failure 
analysis.  The  reports  and  references  from  which  this  fabrica- 
tion history  were  obtained  are  tabulated  in  the  References 
(Section  VII),  with  the  specific  reports  from  the  manufacturer 
listed  where  applicable  in  Table  II  which  accompanies  this 
section.  None  of  the  tanks  evaluated  were  fabricated  at  Bell 
Aerospace  Textron,  therefore,  all  of  this  section  represents 
Information  obtained  from  reports  or  observations  on  the  tanks 
themselves  by  investigators  experienced  in  many  phases  of  aero- 
space hardware  fabrication. 


The  four  tanks  in  this  study  were  all  part  of  "Storability 
Test  Articles"  of  the  Group  II,  Representative  Tankage,  portion 
of  the  AFRPL  storage  program.  The  tanks  had  all  been  manufactured 
by  the  Denver  Division  of  Martin  Marietta  Corp.  under  U.S.  Air 
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Force  Contract  F04ol.l-68-C-0080.  The  summary  of  fabrication 
characteristics  and  specific  reference  to  Martin  Marietta 
reports  documenting  their  work,  are  included  in  Table  II. 
These  tanks  are  of  10  gallon  capacity  and  were  fabricated  and 
assembled  using  techniques  and  processes  typical  for  those  of 
production,  flight  type  hardware  and  systems. 


SECTION  V 


DISCUSSION  OF  RESULTS 

A.  VISUAL  AND  MACROSCOPIC  EXAMINATION  OF  KXTERNAL  AND 

PROPELLANT  EXPOSED  TANK  SURFACES 

The  first  stage  in  any  examination  of  hardware  for  cor- 
rosion effects  is  a thorough  examination  and  documentation  of 
the  surface  appearance.  This  examination  must  be  done  by- 
trained  and  experienced  observers  who  will  pay  careful  atten- 
tion to  preferential  attack  of  welds,  crevices  and  other 
susceptible  regions.  The  initial  examination  of  these  tanks, 
after  exposure  to  various  propellants  and  storage  room  envircn- 
mer.ts,  was  done  in  this  manner,  with  complete  photographic 
documentation  of  the  external  and,  after  preliminary  sectioning. 
Internal  surfaces.  The  primary  purpose  of  this  initial  exami- 
na.tlon  (Phase  I of  metallurgical  effort)  was  to  identify  those 
failures,  anomalies  or  unusual  conditions  which  would  warrant 
a more  detailed  examination  and  analysis  in  the  Phase  II  por- 
tion of  the  metallurgical  effort.  Accordingly,  this  section 
of  the  report  docoments  the  surface  condition  of  the  tanks  as 
received  from  their  various  test  exposures,  and  identifies  those 
anomalies,  failures  or  other  corrosion  and  service  effects, 
which  will  be  considered  in  Section  V,  under  Cj  Metallurgical 
Examination  of  Failures  and  Anomalies. 


The  four  tanks  received  for  post-storage  test  evaluation 
had  all  been  drained  and  purged  of  their  hydrazine  (N2H||^) 
storage  fluid  at  least  one  year  before  the  current  examination. 
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One  of  the  tanks  had  been  partially  sectioned  at  RPL  before 
delivery  to  BAT,  however,  this  tank  has  been  evaluated  in 
depth  with  the  other  tanks  as  part  of  the  program. 

Photographs  of  the  as-received  condition  of  each  of  the 
tanks  are  shown  in  Figures  7-10.  In  each  case  the  flange 
cover  had  been  removed  from  the  flange  end  of  the  tank.  As 
can  be  seen  in  the  four  views,  the  external  surfaces  of  these 
precipitation  hardenable  stainless  steel  tanks  were  quite  clean  and 
unattacked.  The  cylinder  and  dome  sections  had  the  typical 
lightly  frosted  appearance  of  etched  and  passivated  stainless 
steel,  while  the  machined  flange  end  member  is  of  a shiny 
machined  and  passivated  appearance. 

One  tank,  S/N  5t  which  had  been  partially  sectioned  by 
RPL,  shows  evidence  of  corrosive  attack  on  the  small  outlet 
fitting  (sometimes  called  "Beanie"  in  Martin  Marietta  fabri- 
cation report.  Reference  5)  and  /'adjacent  iirting  to  tube  weld. 

This  etched  or  attacked  region  extends  down  onto  the  membrane 
section  of  the  fitting  with  a localized  corroded  spot  which 
may  have  penetrated  through  the  wall.  This  region  is  shown  in 
Figure  11  in  greater  detail.  Also  shown  in  Figure  11  is  a 
comps-  , at Ive  view  illustrating  that  a section  of  the  tube  and 
tube  to  tube  fitting  weld  was  not  in  the  original  delivery  of 
hardware  for  this  evaluation  program.  The  tube  segment  was 
eventually  shipped  and  found  to  have  only  minor  corrosive  attack. 
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A detail  view  of  this  tube  Is  also  shown  in  Figure  11.  The 
tube  surface  itself  was  lightly  etched  in  the  region  immediately 
adjacent  to  the  etched  zone  on  the  outlet  fitting.  There  was  no 
attack  nor  any  evidence  of  defects  or  leakage  on  the  tube  to 
tube  fitting  weld  or  the  tube  fitting  itself.  This  leakage 
area  is  one  of  the  anomalies  on  which  a Detail  Metallurgical 
Analysis  was  performed.  The  results  of  that  analysis  are 
documented  in  Section  V.C. 

Tank  S/K  3^  shown  in  Figure  8,  was  received  with  four 
spots  marked  with  circles  on  the  girth  weld  nearest  the  flange. 
The  exterior  or  crown  of  the  weld  in  each  of  these  spots  showed 
a minor  protrusion  or  spot,  apparently  remnants  of  incomplete 
fusion  in  rewelding  or  stop/sta.rt  effects.  Although  these 
outer  surface  spots  on  the  weld  were  obvious,  they  did  not 
appear  to  represent  weld  defects.  Review  of  the  test  log  for 
these  tanks  showed  that  these  spots  had  been  marked  before  the 
initial  loading  of  the  tanks  with  propellant,  based  on  slight 
indications  during  a leak  test.  Therefore,  this  anomaly  was 
selected  as  one  of  those  to  be  studied  in  detail.  A complete 
discussion  of  results  is  found  in  Section  V.C. 

The  interior,  hydrazine  exposed  surfaces  of  the  tanks 
were  examined  by  sectioning  the  tanks  lengthwise.  This  allowed 
the  tank  surfaces  to  be  photographed  in  their  entirety  and  be 
examined  for  overall  effects  such  as  "waterlines",  which  would 
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Indicate  storage  in  a partially  full  condition.  Photographs 
of  the  tank  interiors  are  shown  in  Figures  10  and  12  through 
15.  There  are  "waterline"  markings  indicative  of  a.  partially 
full  condition  in  a horizontal  position  in  tanks  1 and  3* 

Tanks  4 and  5 show  indications  of  only  a small,  residual 
liquid  in  a line  that  would  represent  the  tank  lying  on  its 
side  also.  Since  all  of  these  tanks  had  been  taken  out  of 
storage  test  at  least  one  year  before  being  shipped  to  BAT  for 
analysis,  it  is  not  surprising  that  these  markings  oc'^urred. 

All  of  the  reported  test  storage  (the  four  year,  four  month 
test  time  in  two  periods)  was  in  the  "normal"  orientation  with 
the  long  tank  axis  vertical  and  the  flange  end  up.  However, 
the  out  of  test  time  was  not  controlled  and  the  tanks  are  known 
to  have  been  in  a holding  area  for  some  Lme  awaiting  disposi- 
tion and  eventual  shipment  to  BAT. 

The  interiors  of  all  four  tanks  were  clean  and  shiny  with 
no  anomalies,  other  than  the  faint  "watermarks"  already  dis- 
cussed. There  was  no  evidence  of  corrosion,  or  decom- 
position products  or  other  foreign  material  on  the  tank  surfaces 
Even  the  spot  on  the  interior  of  the  outlet  fitting  of  tank 
S/N  5>  later  found  to  be  penetrated  with  corrosion,  was  clean 
and  shiny  in  appearance.  The  inside  surfaces  of  all  flange 
covers  were  likewise  clean.  The  exposed  surfaces  of  the  soft 
metal  (aluminum)  sealing  rings  in  the  flange  to  flange  cover 
were  somewhat  frosted  with  the  light  powdery  corrosion  product 
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usually  obtained  from  atraospheric  corrosion  of  aluminum.  Aside 
from  this  very  minor  effect,  the  flange  and  sealing  area  were 
quite  clean  and  unaffected  by  the  propellant  exposure. 

B.  METALLOGRAPHIC  AND  MECHANICAL  PROPERTIES  OF  TANK  SHELLS 

AND  WELDS 

In  order  to  verify  the  general  quality  of  these  tanks  and 
insure  that  no  corrosion  degradation  or  other  unusual  long  term 
storage  effect  has  taken  place,  all  critical  welds  and  repre- 
sentative ba.se  metal  samples  have  been  examined  metallographi- 
cally.  In  addition,  tensile  properties  were  determined  from 
the  cylinder  section  and  across  one  of  the  girth  welds  of  ea.ch 
tank  as  a further  study  of  the  condition  of  the  tank  wall 
material . 


The  combination  of  m^  hanical  tests  and  metallographic 
analysis  was  performed  on  the  four  tanks  sectioned: 

S/N  1 of  AM350  stainless  steel,  and  S/N's  3,  4 and  5 of  17-7 
PH  stainless  steel.  All  four  of  these  tanks  show  properties 
which  can  be  fa.vora.bly  compared  with  typical  manufacturers 
literature  or  handbook  values  for  the  a.ppropriate  material 
conditions.  In  addition,  none  of  these  tanks  show  any  unusual 
or  anomalous  microstructure  conditions  in  either  weld  or  base 
metal.  Nor  do  any  of  these  tanks  show  any  evidence  of  corrosion 
attack,  except  for  the  corroded  outlet  on  tank  S/N  5 whf.ch  has 
been  described  in  previous  Section  V.  A,  and  is  co-''^ered  in  detail 
in  Section  V.C. 
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The  results  of  the  tensile  tests,  three  tests  each  of  the 
parent  metal  in  the  cylinder  section  and  across  the  cylinder 
to  dome  girth  weld,  from  each  of  the  four  tanks,  are  shown  in 
Tables  III  through  VI.  The  AM350  tank,  S/N  1,  in  Table  III 
shows  properties  indicative  of  the  cold  rolled  and  tempered 
(CRT)  condition  of  that  alloy.  It  is  not  clear  from  the  various 
Martin  reports  on  the  fabrication  of  this  type  of  tank,  exactly 
w^at  temper  and  processing  history  was  used.  For  either  the 
AM350  CRT  or  AM3L.0  SCT  1000  conditions,  the  results  are  reason- 
able and  indicate  no  degradation  due  to  either  corrosion  or  the 
long  term  storage.  The  transverse  weld  tests  show  substantially 
lower  strengths,  particularly  yield  strength.  However,  these 
yield  strengtlis  (94,000  - 97,000  psl)  are  still  well  above  the 
design  yield  strength  of  75,000  psi  used  for  this  material 
(Reference  5)*  Tbs  sharp  drop  in  properties  Is  typical  of 
what  will  be  expected  for  welds  used  In  the  as-welded  condition 
and  again  Indicates  the  lack  of  any  apparent  corrosion  effects. 

The  tensile  properties  obtained  from  the  three  17-7  PH 
stainless  steel  tanks,  S/N's  3#  4 and  5,  ore  shown  in  Tables 
IV,  V and  VI.  These  tests  again  show  typical  and  desirable 
properties,  indicative  of  the  THIO50  sheet  metal  condition 
and  as-welded  weldment  condition  which  are  expected  from  the 
fabrication  history  of  the  tanks.  Reference  5.  The  very  high 
sheet  metal  strengths  200,000  - 208,000  psl  yield  strength  and 


215^000  - 220,000  psi  ultimate  strengths  are  somewhat  higher 
than  the  usual  typical  values  (185,000  psi  yield  and  200,000 
psi  ultimate  strengths)  but  are  within  the  expected  spread  of 
data.  No  evidence  of  material  property  degradation  was  seen. 

In  the  same  way,  the  transverse  weld  tests  of  as-welded  material 
from  tanks  S/N  4 and  5 show  typical  values  which  meet  the  80,000 
psi  yield  strength  design  criteria  of  Reference  1,  and  indlca.te 
no  degradation. 

The  properties  across  the  girth  weld  of  Tank  S/N  3,  as 
shown  in  Table  IV,  were  somewhat  lower  than  the  properties 
across  the  weld  in  Tanks  4 and  5.  This  is  beli>=>ved  to  be  due 
to  the  fact  that  Tank  S/N  3 was  rewelded,  which  would  cause 
additional  heat  to  further  "a.nneal"  the  parent  metal  on  either 
side  of  the  weld.  This  heat  affected,  edge  of  weld  region  is 
where  the  tensile  fractures  occurred.  Thus,  the  properties 
obtained  represent  this  region,  and  the  extra  heat  affects  have 
caused  the  10,000  to  15,000  psi  drop  in  yield  and  ultimate 
strengths.  This  weld  is  the  one  which  contained  the  "suspect" 
areas  as  marked  by  RPL.  These  areas  are  discussed  in  detail 
in  Section  V-C.  under  Detail  Metallurgical  Analyses  of  Anomalies. 
It  is  evident  that  some  of  the  effects  and  appearances  which 
caused  these  areas  to  be  suspect,  are  probably  due  to  the 
reweldlng  of  this  girth  weld. 
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The  microstructure  of  the  AM350  sheet  metal  in  the  cylinder 
and  dome  portion  of  tank  S/N  1 is  shown  in  Figure  l6.  No 
unusual  conditions  are  seen,  with  the  most  pronounced  feature 
at  lower  magnification  being  the  islands  or  stringers  of  delta 
ferrite  which  are  typical  of  this  alloy.  The  higher  magnifi- 
cation views  in  Figure  17  show  only  the  extremely  fine  and 
unresolvable  transformed  or  strained  matrix  of  tempered  mar- 
tensite. Sample  edges  are  shown  in  Figure  l6  to  illustrate 
that  there  was  no  observable  surface  attack  of  either  the 
internal,  hydrazine  exposed  or  outer,  atmosphere  exposed  sur- 
faces of  the  tank.  In  addition,  it  can  be  seen  that  there  was 
no  difference  in  apparent  microstructure  between  the  cylinder 
section  which  is  simply  rolled  from  sheet,  and  the  dome  which 
is  explosively  formed  to  the  desired  ellipsoidal  shape. 

The  three  17-7  PH  stainless  steel  tank  sheet  metal 
component  microstructures  are  shown  in  Figures  l8  through  23. 

As  with  tank  S/N  1,  views  are  shown  in  Figures  18,  20  and  22 
which  Include  both  Interior  and  exterior  surfaces  of  both  com- 
ponents to  Illustrate  that  no  corrosion  effects  either  from 
hydrazine  or  atmosphere  could  be  seen.  The  higher  magnifica- 
tion views  in  Figures  19#  21  and  23  show  the  typical  and  desired 
structure,  a matrix  of  transformed  and  precipitation  hardened 
martensite  with  delta  ferrite  stringers  present.  As  with 
the  AM350,  the  structure  of  the  transformed  martensite  with 
precipitated  Intermetallic  phases  is  too  fine  to  be  resolved 
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with  optical  microscopy.  It  is  evident,  however,  that  the 
typical  and  desired  microstructure  has  been  achieved.  Visible 
in  the  photomicrographs  of  Figures  l8  through  23  are  also  a 
number  of  massive  carbides  and  other  inclusions.  These  particles 
are  typical  and  normal  for  the  alloy  and  do  not  represent  any 
unusual  condition. 

In  the  case  of  tanks  S/N's  3 and  5,  there  was  some  difference 
evident  between  the  cylinder,  formed  from  rolled  sheet  metal, 
and  the  dome,  explosively  formed.  The  explosively  formed  com- 
ponents view  (b)  in  Figures  18,  19,  22  and  23,  showed  a con- 
sistently darker  etching  characteristic.  This  would  generally 
be  the  result  of  cold  work  or  strain  in  the  matrix,  which  is 
logical  to  expect  in  the  explosively  formed  dome. 

Equally  Important  with  the  sheet  metal  components  are  the 
quality  and  structure  of  the  welds  Joining  the  components  to 
form  the  tank.  Metallographic  sections  of  representative  welds 
are  shown  in  Figures  24  through  31.  The  girth  and  dome  to  out- 
let or  flange  fitting  welds  shown  in  these  views  exhibited  a 
variety  of  configurations  from  smooth  welds  with  reasona.ble 
crown  and  drop-through  (view  (b)  of  Figure  30)  to  badly  mis- 
ma.tched  and  crowned  welds  such  as  shown  in  view  (c)  of  Figure 
24.  All  of  the  configurations,  even  those  with  serious  mis- 
match, showed  sound  welds  with  good  fusion  of  the  weld  bead  to 
the  adjacent  parent  metals. 
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The  flange  and  outlet  components  in  each  tank  were  machined 
from  thick  forgings  and  contained  a very  coarse  structure.  Indica- 
tive of  the  deformation  that  such  processing  conditions  achieve. 
This  coarse  structure  is  shown  in  Figures  27,  29  and  31.  Even 
where  the  wolds  met  this  coarse,  nonoptimum  structure,  no  defects 
or  unusual  conditions  were  noted. 

All  welds  were  closely  examined  for  evidence  of  corrosion 
on  either  the  internal,  hydrazine-wetted  surface  or  the  external 
atmosphere  exposed  surface.  No  evidence  of  corrosive  attack 
was  found.  Views  are  shown  in  Figures  25#  27>  29  and  31  from 
the  edge  of  weld  location  for  welds  from  each  of  the  four 
tanks  sectioned.  This  location  is  considered  to  be  most  suscep- 
tible to  corrosive  attack,  uecause  of  the  sharp  gradient  in 
structure  and  themial  exposure  in  this  region.  It  was  evident 
that  there  was  no  unusual  attack  of  any  of  the  tank  welds  or 
adjacent  heat  affected  zones  in  these  tanks. 

In  addition  to  the  welds  in  the  shell  portion  of  the  tanks, 
the  wolds  connecting  the  various  portions  of  the  inlet  and 
outlet  tubes  and  associated  fittings  were  sectioned  and 
evaluated.  All  tanks  contained  the  same  tube  configuration^ 
a short  length  of  AISI  321  stainless  steel  tube  welded  to  the 
flange  cover  or  outlet  fitting,  and  then  that  tube  welded  to 
one  side  of  a MS27856  connector.  These  fittings,  developed 
by  AFRPL,  use  a chevron- shaped  ring,  sealing  element  between 
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the  connectoi’  fittings,  and  were  used  in  this  program  to  obtain 
long  term  storage  and  leak  tightness  information  on  this  con- 
nector, which  has  potential  for  improved  sealing  in  manifold 
portions  of  liquid  rocket  systems.  On  the  other  side  of  the 
MS27856  fitting  another  short  length  of  stainless  steel  tube 
is  welded.  This  segment  of  tube  terminates  in  a standard  tube 
fitting  and  plug.  Since  this  was  standard  hardware,  and  showed 
no  anomalies  or  corrosion  effects,  none  of  this  hardware  was 
evaluated. 

The  tube-to-tube  or  tube-to-rtube  fitting  welds  were  pro- 
duced by  the  "Astro  Arc"  process.  This  is  an  automatic  tungsten 
inert  gas  (TIG)  welding  process  in  which  an  electoode  is  auto- 
matically circled  around  the  Joint  periphery.  The  compact  size  of 
the  unit  and  the  fact  that  the  electrode  rather  than  the  tube 
turns,  makes  this  process  particularly  useful  for  connecting 
tubing  in  complex  manifolds.  The  Joint  is  made  without  having 
to  turn,  the  tubing  or  otherwise  disturb  it. 

The  welds  produced,  by  the  Astro  Arc  process  in  stainless 
steel  tubing  are  usually  quite  sound  and  of  high  Integrity. 
Examples  from  Tanks  1 and  5 are  shown  in  Figures  32  and  35^ 
which  demonstrate  the  sound,  fully  fused  and  penetrated 
nature  of  the  typical  tube  welds.  There  is  no  corrosion  or 
other  unusual  effects  in  these  welds. 
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One  tube  weld  in  the  S/N  4 tank  was  found  to  be  misaligned 
and  hence  only  partially  penetrated  (Figure  34) . Although  the 
weld  fusion  extended  through  the  entire  O.O65"  wall  thickness, 
the  center  of  the  weld  was  at  least  O.07  inch  from  the  original 
Joint  line.  Normally  this  type  of  defect  is  easily  seen  in 
radiographic  inspection  of  the  Joint  and  would  not  be  expected 
to  reach  deliverable  hardware.  The  lack  of  penetration  is 
approximately  one-third  of  the  Joint  thickness  and  on  one  side 
terminates  as  a sharp  line.  Even  with  a substandard  quality  weld, 
there  is  no  evidence  of  corrosion  or  structural  damage.  The 
other  tube  welds  of  Tank  S/N  4 were  normal,  high  quality  welds 
which  also  had  no  indication  of  corrosion  or  other  damage. 

The  welds  Joining  the  tubing  to  the  flange  cover  or  outlet 
fittings  in  each  tank  involved  the  tube  being  inserted  within 
a machined  boss  region  and  a fillet  weld  Joining  them.  This 
causes  an  Inevitable  crevice  between  the  tube  and  the  inner  diameter 
of  the  boss,  and  also  raises  the  possibility  of  not  achieving 
full .fusion  between  the  fillet  weld  and  parent  members.  No 
such  difficulties  were  seen  in  any  of  the  tube  to  tank  welds. 

A typical  pair  of  welds  from  Tank  S/N  1 are  shown  in  Figure  33. 

They  Illustrate  the  deep  crevice,  exposed  to  the  tank  interior, 
of  this  tube  to  boss  weld  design.  Even  in  this  region  no  cor- 
rosion or  deposits.  Indicative  of  hydrazine  decomposition,  were 
found.  The  weld  penetrations  into  the  tube  or  boss  were  shallow 
but  adequate  to  Insure  a well  fused,  leak  tight  Joint. 
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The  coarse,  somewhat  banded  structure  of  the  flange  cover 
and  outlet  fitting  Is  evident  in  Figure  33.  This  was  observed 
in  all  tanks  and  represents  the  consequence  of  using  heavy 
forgings  for  these  components.  This  coarse  structure  caused 
no  difficulty  In  welding  even  though  in  some  situations  it 
would  be  expected  to  be  deleterious.  Except  for  the  corrosion 
on  the  exterior  of  the  outlet  fitting  of  Tank  S/N  5 (discussed 
earlier),  no  corrosion  was  found  on  the  Interior  or  exterior 
of  any  of  these  components. 

The  segment  of  the  outlet  tube  from  Tank  S/N  5 which  was 
missing  from  the  original  shipment  was  evaluated.  The 
tube  segment  is  immediately  adjacent  to  the  corroded  outlet 
fitting  and  there  was  hope  that  evaluation  of  this  component 
would  aid  in  understanding  the  corrosion  in  this  region. 

When  matched  with  the  adjacent  fitting.  Figure  lib,  the 
tube  is  seen  to  be  only  very  lightly  etched  in  the  portion  of 
the  periphery  adjacent  to  the  corroded  fitting  surface.  The 
bulk  of  the  tube  is  completely  unattacked.  Even  the  strea.k 
which  is  etched  is  only  very  lightly  attacked  with  no  signifi- 
cant depth  to  the  attack. 

The  tube  to  connector  fitting  weld  just  below  this  cor- 
roded and  etched  region  was  sectioned  and  examined.  The 
weld  was  sound  and  fully  fused,  although  it  did  exhibit  a slight 
amount  of  root  concavity,  as  shown  in  Figure  38.  The  amount, 


less  than  0.010  inch  would  not  be  considered  rejectable  in 
normal  production  hardware.  There  were'  no  cracks,  defects  or 
other  anomalies  that  might  indicate  any  leakage  through  this 
wdld  during  or  after  storage  exposure.  Detail  views  of  the 
outside  and  inside  surface  of  the  weld  at  an  edge  of  weld 
location  are  shown  in  Figure  38.  These  views  illustrate  that 
there  is  no  corrosion  attack  of  either  the  inner,  hydrazine 
exposed  surface,  or  the  outer,  atmosphere  exposed,  surface. 

In  the  examination  of  the  tubing  at  the  flange  end  of  Tank 
S/N  5 (the  tank  with  corrosion  penetration  in  the  outlet  fitting 
and  which  was  partially  sectioned  by  RPL),  considerable  brovm  or 
reddish  brown  residue  was  deposited  around  the  Interior  of  the 
tubing.  This  is  discussed  in  more  detail  in  Section  V. C as 
part  of  the  Detail  Metallurgical  Analyses. 

C.  DETAIL  METALLURGICAL  ANALYSES  OF  ANOMALIES 

The  specific  anomalies  selected  for  detailed  analysis 
wore  based  on  the  Initial  visual  examinations  performed  on 
all  tanks  and  bn  discussions  with  the  AFl'^PL  Project  Officer. 
Although  only  one  anomaly  represents  an  actual  corrosion  pene- 
tration of  the  tank  wall,  all  four  represent  unusual  condi- 
tions warranting  further  investigation.  All  four  anomalies 
have  significance  in  the  handling  and  long  term  storage  of 
Air  Force  liquid  rocket  propulsion  systems.  The  specific 
anomalies  are  listed  below  and  are  then  considered  individually 
in  the  succeeding  section: 
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1.  Leak,  area  in  outlet  fitting  of  tank  S/N  5. 

2.  Deposits  in  flange  tube  fittings  of  tank  S/N  5* 

3.  Suspect  areas  marked  by  RPL  on  girth  weld  of  tank  S/N  3* 

4.  Sealing  surfaces  and  soft  metal  seal  ring  on  flange 
and  flange  cover  of  tanks,  particularly  S/N  3. 

1.  LEAK  AREA  IN  OUTLET  FITTING  OF  TANK  S/N  5 

a.  Test  History 

Tank  S/N  5,  as  with  the  other  three  tanks  in  this 
study,  had  been  stored  with  hydrazine  for  over  four  years. 

During  this  time,  particularly  the  first  year  of  storage,  there 
were  several  Instances  of  pressure  buildup  which  required  that 
the  tank  be  vented  to  reduce  the  pressure.  No  pretest  leakage 
was  reported,  nor  was  there  any  report  of  leakage  (fuming, 
pressure  loss  or  liquid  puddles)  during  the  early  stages  of 
storage  test.  During  the  final  years  of  test,  surveillance 
was  less  rigorous  and  there  are  no  specific  records  of  test 
beha.vlor.  The  tank  was  removed  from  the  storage  test  a.nd 
drained  more  than  one  year  before  evaluation  was  performed. 

All  tanks  in  this  group  were  reported  to  have  leaked,  generally 
"around  bolt  hole".  As  is  discussed  in  greater  detail  in 
analysis  #4,  there  is  some  chance  that  this  leakage  report  was 
based  only  on  the  presence  of  fuel  on  the  floor  in  the  general 
vicinity  of  the  tanks.  There  was  sufficient  concern  about 
leakage  in  this  tank  to  start  a metallurgical  investigation 
at  Edwards  Air  Force  Base. 
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The  tank  was  shipped  to  BAT  from  RPL  where  a pre- 
liminary metallurgical  examination  had  been  initiated.  The 
area  of  concern  to  Edwards  Air  Force  Base  personnel  was  an 
area  of  attack  on  the  small  outlet  fitting  and  adjacent  fitting 
to  tube  weld.  This  area  of  attack  was  on  the  outside  of  the 
tank,  on  the  fitting  referred  to  as  a "Beanie"  in  the  Martin 
fabrication  report.  Reference  5>  and  in  Section  IV.  This 
"Beanie"  had  been  removed  from  the  tank  by  Edwards  personnel 
and  sectioned  near  the  area  of  attack  in  a region  that  was 
obviously  quite  thinned.  A very  small  triangular  segment  was 
removed  in  the  preliminary  Edwards  evaluation,  however  the 
study  was  interrupted,  and  the  tank  was  shipped  to  Bell  for 
further  analysis. 

b.  Observations 

1.  The  taajor  area  of  concern  in  this  investigation  is 
shown  in  Figure  11,  where  view  c shows  a lightly  etched  area 
on  the  outlet  extending  down  to  a pitted  region  on  the  flat 
portion  of  the  fitting.  The  outline  and  progression  of  this 
etched  and  pitted  region  seemed  to  Indicate  that  a corrosive 
liquid  dripping  onto  the  fitting  had  collected  in  a puddle  in 
the  depression  produced  by  the  surrounding  fitting  to  dome  weld. 
As  will  be  discussed  in  more  detail  in  the  Metallurgical 
Analysis  which  follows,  this  collection  of  liquid  for  eventual 
pitting  could  only  occur  when  the  tank  was  inverted  from  its 
normal,  flange-up,  test  storage  position.  An  indication  of 
the  serious  nature  of  the  pitting  in  this  area  is  shown  in 
views  c and  e of  Figure  36. 
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d-.  In  this  detail  metallurgical  evaluation  of  the  outlet 
fitting,  particular  attention  was  paid  to  the  outlet  tubing 
components  shown  in  Figure  11,  view  a.  In  this  view  components 
of  this  outlet  from  tank  S/N  5 are  compared  to  tank  S/N  1. 
one  section  of  tubing  from  S/N  missing  from  the  original 
shipment,  was  received  later  and  is  shown  in  view  b of  Figure 
11.  Etched  areas  indicative  of  a slight  surface  attack  are 
marked  with  black  arrows  on  this  tube.  This  tube  segment 
adjacent  to  the  corroded  outlet  fitting  was  examined  ca.refully 
for  leaks  and  corrosive  attack.  The  tube  was  found  to  be  only 
very  lightly  etched  in  the  portion  of  the  periphery  adjacent 
to  the  corroded  fitting  surface.  The  remaining  length,  the 
interior  of  the  tube  and  the  connector  fitting  were  completely 
unattacked.  The  area  where  etching  did  occur  on  the  outside 
surface  was  only  very  lightly  corroded  with  no  significant 
depth  to  the  attack.  This  tube  segment  therefore  indicates 
that  the  etching  that  did  occur  was  the  result  of  runoff  of  a 
corrosive  media  in  this  area. 

3,  Examination  of  the  outlet  fitting  showed  that  it  was 
quite  thin,  even  in  the  areas  not  attacked  by  the  corrosive 
media.  These  areas  were  measured  at  0.008  to  0.012  inch 
thickness,  compered  to  a nominal  expected  thickness  of  0.030 
inch,  which  is  the  thickness  of  the  explosive  formed  dome 
that  mates  with  this  fitting.  This  thinned  nature  of  the  fit- 
ting is  seen  in  Figure  36,  view  b.  Only  the  area  immediately 
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around  the  pit  visible  in  view  b v/as  thinned  by  pitting  cor- 
rosion, the  smooth  but  thinned  wall  of  this  fitting  was 
evidently  due  to  mismachining  of  this  fitting.  Shown  in  view 
d of  Figure  36  is  the  corresponding  fitting  ai’ea  from  tank 
S/N  4.  This  component  was  also  thinned,  but  only  to  a thickness 
of  0.015  to  0.020  inch.  The  outlet  fitting  from  tank  S/N  3* 
the  other  17-7  PH  stainless  steel  tank  in  this  group,  .ras  not 
thinned  at  all,  having  a minimum  thlchness  of  O.025  to  O.030 
inch. 


4.  The  Interior  surface  of  the  outlet  fitting  was  clean  and 
bright  with  no  evidence  of  attack  or  pitting.  The  area  immedi- 
ately under  the  pitted  exterior  was  closely  examined,  and  a 
crack-like  discontinuity  was  found  under  the  deepest  portion 

of  the  pit.  This  is  shown  in  view  a.  of  Figure  36. 

5.  Metallographic  examination  of  the  outlet  fitting  in  the 
pitted  region  showed  the  pitting  to  be  quite  deep,  end  to 
penetrate  the  wall  in  one  spot.  This  is  shown  in  the  views 

cf  Figures  36  and  37.  The  external  pitting  is  seen  to  be  quite 
extensive  around  the  deeply  pitted  area,  view  a of  Figure  37. 
VThen  the  metallographic  samples  are  examined  in  the  etched 
condition.  Figure  37,  the  coarse  and  oriented  nature  of  the 
ferrite  stringers  are  quite  evident.  This  outlet  fitting  is 
machined  from  a forged  block  and  therefore  has  much  coarser 
microstructure  than  the  sheet  material  used  in  the  shell.  The 
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ferrite  stringers  were  in  general  not  attacked  in  the  pitting, 
as  the  corrosive  medium  attacked  the  transformed  martensite 
matrix  more  readily.  In  some  locations  the  initial  attack  was 
seen  to  concentrate  on  the  ferrite  to  martensite  phase  boundary, 
as  can  be  seen  in  view  c of  Figure  37.  The  corrosion  resisting 
chromium  alloying  element  will  tend  to  be  more  concentrated  in 
the  ferrite  than  the  austenite  which  transformc  to  martensite, 
so  the  slightly  better  corrosion  resistance  of  the  ferrite  is 
understandable . 

6.  The  tube-to-tube  connector  weld  Just  beyond  the  pitted 
and  etched  areas  was  closely  examined  to  determine  whether 
any  possible  leak  or  anomaly  in  this  region  could  have  contri- 
buted to  the  corrosion  observed.  No  leak,  anomaly  or  even 
corrosion  of  tnis  weld  was  found,  on  either  the  exterior  or 
interior.  The  weld  was  sound  and  fully  fused,  as  shown  in 
view  a of  Figure  38.  It  did  have  a slight  root  concavity  but 
this  is  often  encountered  with  these  welds  and  does  not  de- 
grade the  weld.  Close  examination  of  the  inside  and  outside 
surface  of  the  weld,  view  b of  Figure  38,  showed  no  evidence 
of  any  corrosion  in  or  near  this  weld. 

c.  Metallurgical  Analysis 

The  above  observations  have  shown  clearly  that  the 
corrosive  attack  on  this  outlet  fitting  was  started  from  the 
outside  and  proceeded  through  pitting  and  Intergranular  attack 
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to  form  a deep  pit  which  completely  penetrated  the  fitting 
wall.  The  fitting  wall  at  this  point  had  been  inlsmachlned  to 
produce  a.  wall  thickness  of  only  O.OO8  to  0.012  Inch,  and 
therefore  much  less  corrosion  was  required  to  produce  the  com- 
plete penetration  than  would  normally  have  been  required. 

The  orientation  and  configuration  of  the  pit  and  sur- 
rounding etched  areas  lndica.te  that  this  attack  occurred  when 
the  tank  was  not  In  Its  normal  storage,  flange  upright,  con- 
dition. Instead  the  attack  was  most  likely  when  the  tank  was 
Inverted,  which  would  allow  the  corrosive  medium  to  collect  in 
the  depression  formed  in  the  area,  surrounded  by  the  fitting  to 
dome  weld,  which  was  mlsmachlned  and  hence  had  a somewhat  dished 
shape . 


The  corrodant  which  ca.used  this  pitting  and  attack 
has  not  been  Identified.  Because  it  does  not  seem  likely 
that  the  corrosion  occurred  during  normal  storage.  It  Is  par- 
ticularly difficult  to  predict  the  exact  corrodant.  A rather 
strong  acid  Is  generally  required  to  produce  this  type  of  attack 
in  17-7  PH  stainless  steel.  The  most  likely  possibility  is 
hydrochloric  acid,  since  it  Is  most  often  associated  with  pit- 
ting corrosion  In  these  stainless  steels.  This  acid  is  quite 
prone  to  cause  pitting  in  dilute  solution,  and  could  have  been 
generated  by  the  hydrolysis  of  vapors  from  residues  of  CIF^  or 
CIF^  propellants  in  other  tanks  or  hardware  placed  in  the  same 
holding  area  as  this  tank  after  its  storage  test.  Althoxigh 
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details  of  this  holding  area  are  not  known^,  there  was  a time 
period  of  over  one  year  between  removal  from  test  and  metal- 
* lurgical  analysis. 

Lending  further  support  to  this  hypothesis  tha.t  some 
corrosion  process  occurred  after  completion  of  the  storage  test 
is  the  analysis  which  follows  in  Item  2.  This  analysis  con- 
cerned corrosion  and  deposits  which  were  found  in  the  tubing 
of  the  flange  end  of  this  same  tank  3/N  5*  This  analysis  of 
deposits  in  the  tube  also  shows  that  the  orientation  of  the 
deposits  could  only  have  occurred  when  the  tank  was  no  longer 
in  its  normal,  vertical  and  flange-up  orientation. 

2.  CORROSION  DEPOSITS  IN  FLANGE  TUBE  AND  PITTING  OF  TANK  S/N  5 
a.  Test  History 

The  storage  of  S/N  5 has  been  discussed  in  the  pre- 
vious section.  For  reasons  unknown  to  BAT,  this  particular 
tank  (S/N  5)  was  subjected  at  some  period  either  during  storage 
(4  years)  or  after  storage  to  conditions  which  differ  from  the 
other  two  tanks  fabricated  from  17-7  PH  (S/N's  3 and  4).  The 
above  statement  is  supported  by  the  fact  that  for  reasons  unknown 
to  BAT  tank  S/N  5 showed  corrosive  attack  while  S/N*s  3 and  4 
did  not.  Although  S/N  3 was  suspected  of  leaking,  no  leak 
areas  were  found  and  corrosion  products  existent  in  the  inlet 
and  outlet  fittings  of  S/N  5 were  nonexistent  in  tanks  3 and 
4.  Weld  areas  of  S/N  3 previously  marked  by  Edwards  Air  Force 
Base  did  not  leak  even  after  30  days  submerged  exposure  under 
pressure. 
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b.  Observations 


In  the  flange  end  tube  of  S/N  5 corrosion  product 
deposits  and  some  attack  were  found  inside  the  tube.  An  over- 
all bronze  color  existed  throughout  the  length  of  the  fitting. 

A weld  exists  in  the  central  portion  of  this  tube  where  the 
347  stainless  steel  RPL  tube  connector  fitting  is  joined  to 
321  stainless  steel  tubing.  Spectrographlc  analysis  confirmed 
the  materials  to  be  those  called  for  in  the  Martin  fabrication 
report,  Reference  5* 

The  corrosion  deposits  were  most  pronounced  in  two 
areas,  (1)  the  central  portion  of  the  weld  and  (2)  in  an  area 
closely  adjacent  to  the  weld  on  the  inside  surfa.ce  of  the  321 
stainless  steel.  Figure  39.  These  deposits  suggest  puddles 
of  liquid  dried  in  these  two  areas.  Corrosion  products  from 
this  area  were  removed  and  placed  on  a beryllium  plate  and  a 
microprobe  analysis  was  made.  The  elements  found  as  being  a 
part  of  the  corrosion  products  in  this  area  were  lron>  chromium, 
nickel  and  oxygen  with  trace  amounts  of  manganese.  The  iron, 
chromlui'  and  nickel  were  in  the  approximate  proportions  for 
stainless  steel.  It  is  evident  that  the  deposits  are  the 
result  of  stainless  steel  corrosion  and  resultant  oxidation. 

No  evidence  of  chlorine  could  be  found.  Figure  39  shows  views 
of  the  inside  of  this  tube.  View  c of  Figure  39  shows  a.  cross 
section  through  the  weld,  particularly  the  concave  root  area 
which  provided  a.  collection  point  to  hold  liquid  when  the  tank 
and  its  tubing  were  lying  horizontally  on  the  side. 
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View  d of  Figure  39  shows  a high  magnification  view 
of  the  inner  surface  and  subsurface  region  of  the  weld  at  the 
location  where  the  corrosion  deposit  was  found.  Shallow,  but 
significant,  corrosion  of  the  stainless  steel  weld  metal  and 
edge  of  weld  can  be  seen.  This  corrosion,  to  a depth  of  0,0008 
inch  or  less  is  not  sufficient  to  cause  structural  degradation 
to  the  tube  and  tank  integrity,  but  is  sufficient  to  produce 
the  volumes  of  corrosion  product  noted,  particularly  when  it 
is  collected  in  puddles  from  a larger  area  before  evaporation 
and  deposition. 

A compression  seal  used  in  the  same  fitting,  tightened 
to  the  flange  aurfa.ce  of  this  tube  with  a three-quarter  hexagon 
nut,  wa,o  also  found  to  exhibit  these  deposits , Once  again  this 
condition  was  not  found  in  any  other  tank  in  this  program, 
neither  at  the  inlet  or  outlet  end  of  these  tanka.  The  com- 


pression fitting  is  common  to  all  tanka  being  part  of  the 
special  RPL  connectors  used  in  the  tubes  of  all  of  those 


Martin  tanks.  Sectioning  of  this  compression  fitting  exposed 
similar  products  of  corrosion  as  those  found  in  the  tube  itself, 
Figure  4o,  views  b and  c.  These  deposits  also  are  characteristic 
of  the  dried  residue  of  small  drops  of  liquid  in  the  tube. 

Once  again  a microprobe  analysis  was  run  on  the  corrosion 
products.  Elements  found  were  iron,  nickel,  chromium,  a trace 
of  manganesq  and  phosphorous.  The  corrosion  products  were 
reddish  brown  to  dark  brown  with  areas  containing  lighter 


brown  streaks. 
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In  a further  effort  to  define  the  corrosion  products. 
X-ray  diffraction  analysis  was  perforr.  ed  on  a tube  section 
with  the  corrosion  products  in  place.  The  patterns  obtained 
on  the  tube  showed  only  definite  patterns  for  austenite  to  be 
present.  It  was  not  possible  •.‘•o  Identify  any  characteristic 
peaks  for  the  corrosion  product.  Likewise,  an  X-ray  powder 
diffraction  pattern  of  scrapings  of  the  corrosion  product  only 
showed  no  definite  peaks.  It  is  assumed  that  the  corrosion 
product  WcS  deposited  as  an  amorphous  film,  rather  than  any 
easily  identified  crystalline  product, 
c*  Metallurgical  Analysis 

The  initial  observation  of  these  deposits  in  the  flange 
end  tubing  of  tank  S/N  5 prompted  the  possibility  that  they 
represented  the  decomposition  products  of  hydrazine,  since 
they  were  in  the  upper,  vapor  phase  portion  of  the  tank.  How- 
ever, electron  microprobe  and  X-ray  diffraction  techniques 
Identified  only  those  elements  and  phases  associated  with  cor- 
rosion or  oxidation  of  austenitic  stainless  steel,  which  is 
the  composition  of  the  tubing  and  associated  tube  fittings  and 
connectors.  No  elements  or  phases  that  could  be  attributed 
to  decomposition  products  of  hydrazine  were  found. 

These  deposits  observed  are  the  result  of  corrosion  of 
the  adjacent  tubing,  weld  and  fittings,  and  perhaps  minor  cor- 
rosion in  other  portions  of  the  same  tubing  lines,  collected 
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in  one  or  two  locations  by  "puddling"  and  eventual  evaporation 
of  the  .corroding  medium.  The  orientation  of  the  two  major 
dried  "puddles"  in  the  tube  and  weld  make  it  obvious  that  they 
corroded  and  dried  in  these  locations  when  the  tank  was  no 
longer  in  the  vertical  position.  The  puddles  had  to  have  been 
formed  when  the  tank  and  tubing  were  lying  on  their  side. 


The  source  of  the  corroding  medium  is  difficult  to 
pin  down.  One  possibility  is  the  hydrolysis  of  vapors  from 
hydrazine  which  can  form  hydrochloric  acid  from  the  minor 
amount  of  chloride  Impurity  in  hydrazine.  The  lack  of  any 
chlorine  element  being  found  in  the  deposits  by  the  microprobe 
analysis  makes  this  possibility  remote.  Another  possibility 
is  that  water  was  either  accidentally  or  deliberately  intro- 
duced into  the  tank  during  draining  and  purging  after  hydrazine 
exposure.  This  water,  collecting  in  puddles  for  the  extended 
time  between  draining  and  the  start  of  evaluation,  could  have 
caused  the  observed  corrosion  if  it  had  picked  up  acid  Impurities 
from  this  or  other  tanks  being  drained  after  propellant  storage 
test. 


3.  SUSPECT  AREAS  ON  GIRTH  WELD  OP  S/N  3 
a.  Test  History 

This  particular  tank  was  marked  by  Edwards  Air  Force 
Base  as  being  suspected  of  leaking  at/ln  the  girth  weld.  If 
one  refers  to  the  log  book  on  this  tank,  the  following  sequence 


of  events  took,  place  after  fabrication  and  before  and  during 
the  exposure  period.  The  sequence  of  events  follow  that 
reported  in  the  log; 

1.  Pressure  checked  by  Martin  at  150  psi. 

2.  Clean  and  passivated  by  Martin  on  29  January  1969- 

3.  Mass  spectrometer  checked  at  70  psi  helium  on 

4 March  I969.  (This  and  subsequent  operations  at  RPL. ) 

4.  SFg  checked  in  plastic  bags  l4  March  1969*  (Leaked) 

5.  Pour  small  leaks  were  found  during  the  above  exami- 
nation which  were  marked,  and  then  the  tank  was  put  into  test 
and  found  to  be  satisfactory. 

6.  On  10  No\ ember  1969  the  tank  pressure  was  100  psi  at 

a temperature  of  105°P>  and  the  tank  was  vented  to  50  psi. 

7.  On  17  November  19^9  the  tank  pressure  was  102  psi  at 

a temperature  of  110 '’F  and  the  tank  was  vented  to  50  psi, 

8.  On  18  November  I989  the  tank  pressure  was  105  psi  at 

a temperature  of  112 °F;  the  ta.nk  was  vented  to  50  psi. 

9.  On  26  November  I969  the  tank  pressure  was  105  psi  at 

a temperature  of  112 °Fj  the  tank  was  vented  to  50  psi,  drained 

and  removed  on  26  May  1970. 

10.  On  4 November  1971  the  tank  was  reloaded  and  put  back 
into  storage.  This  was  true  of  all  tanks  and  was  required 
due  to  maintenance  required  on  the  building. 

11.  In  February  1975»  this  tank  (S/N  3)>  plus  the  other 
three  tanks  in  this  group,  was  drained  of  hydrasslne  and 
removed  from  service.  The  welds  had  been  marked  where  leakage 


was  suspected  in  the  prestorage  testing,  and  one  bolt  hole  on 
the  flange  inlet  end  of  the  tank  was  also  marked  as  being  a 
suspect  leak  area. 

Macroscopic  examination  at  BAT,  radiographic  inspec- 
tion and  dye  penetrant  inspection  did  not  reveal  any  gross 
leak  paths.  After  these  lnvestiga.tlons  were  conducted,  BAT 
replaced  the  flange  cover,  sealing  off  the  outlet  end  with  a. 
plug  and  immersed  the  tank  in  a water  bath  under  20  psi  of 
helium.  This  leak  test  was  performed  for  a total  exposure  of 
36  days.  After  six  days  of  Immersion,  the  tank  was  reexamined 
and  once  again  no  leakage  was  observed.  The  test  was  then 
continued  under  helium  pressure  for  thirty  days  and  the  result 
was  negative,  no  leakage  at  the  flange  or  in  the  welds  was 
found.  This  test  takes  on  greater  meaning  when  one  considers 
the  fact  that  these  flanges  contain  a sealing  ring  made  from 
aluminum  and  are  not  considered  reusable. 

Since  the  flange  cover  had  originally  been  removed  at 
Edwards  Air  Force  Base  prior  to  shipment  to  BAT,  an  effort  was 
made  to  determine  if  torque  values  on  the  flange  bolts  were 
measured  prior  to  removal  of  the  flange.  These  efforts,  con- 
ducted Jointly  with  Edwards  Air  Force  Base,  have  revealed 
that  torque  values  were  not  obtained.  In  addition,  the  original 
bolts  holding  the  cover  were  no  longer  available. 


m 
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b.  Observations 


The  S/N  3 tank.  Is  shown  in  its  as-received  state  in 
Figure  8,  The  girth  wold  areas  marlced  at  Edwards  Air  Force 
Base  are  plainly  visible.  These  areas  were  examined  in  depth 
and  BAT  ana.lysis  on  a macroscopic  scale  showed  irregular  pro- 
trusions of  the  weld  crown  and  weld  drop-through  to  be  present. 

Close-up  views  of  the  exterior  or  crown  of  the  girth 
weld  are  shown  in  Figure  4l.  Views  a and  b of  this  figure 
show  the  appearance  of  the  weld  on  a macroscopic  scale  where 
oxides  or  sla.g  are  present.  At  first  it  was  thought  that 
this  scale  and  the  manner  it  existed  on  the  weld  surface  was 
Indicative  of  a repass  weld  or  second  bead  being  made.  The 
inside  or  underbead  surface  of  the  same  weld  areas  are  seen 
in  Figure  42.  The  surface  oxide  had  broken  and  solidified  in 
an  irregular  manner  which  contributed  to  the  discontinuous 
appearance  of  the  weld. 

Cross  sections  of  this  weld  did  not  reveal  a second 
pass.  These  views  are  shown  in  Figures  26  and  43.  The  overall 
shape  of  the  weld  is  depressed,  however,  the  weld  is  sound  and 
shows  that  good  fusion  and  dilution  occurred.  The  higher 
magnification  views  in  Figure  43  show  no  evidence  of  discon- 
tinuous freezing  pattern  which  would  indicate  a second  pass. 

As  described  In  Section  VB,  tensile  properties  across  this  weld 
did  indicate  a reweld,  from  the  somewhat  lower  strengths  com- 
pared to  tanks  S/N's  4 and  5- 
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Further  examination  of  this  weld  in  which  a view  near 


the  midplane  of  suspect  area.  1 was  made  by  polishing  down  on 
the  face  of  the  weld  is  shown  in  view  a.,  Figure  44.  View  b 
of  the  same  figure  is  a.  vertical  section  along  the  centerline 
of  the  weld  in  the  area  marked  4.  No  lea.k  paths  or  other 
anomalies  w'ere  found  in  either  of  these  sections  which  encompassed 
the  entire  area,  marked  in  each  case.  Although  there  were  iso- 
lated Instances  of  microporosity  seen  in  the  seiiUentia.l  grinding 
and  polishing  through  these  two  suspect  areas,  no  interconnec- 
tion or  leak  path  was  found.  Isolated  microporosity  is  common 
in  the  detail  exa.mina.tion  of  most  welds. 

A positive  of  a radiograph  taken  in  these  areas  is 
shown  in  Figure  45.  Actually  this  radiograph  was  ma.de  in  the 
early  stages  of  the  investigation  of  this  weld.  The  radio- 
graph only  substantiates  the  irregular  geometry  of  the  weld 
and  when  first  examined  gave  the  impression  that  drop-through 
and  some  weld  bead  undercutting  could  have  been  present.  All 
further  studies  emphasized  an  irregular  pattern,  no  undercutting 
and  sound  fusion.  Mlcrostructurally  no  area  was  found  which 
would  indicate  the  presence  of  a preexistent  leak  path. 

c.  Metallurgical  Analysis 

The  efforts  to  discover  a leak  in  S/N  3 are  fully  dis- 
cussed in  Sections  a and  b above.  In  all  of  the  examinations 
made  by  BAT  no  leak  path  was  discovered  either  in  the  girth 


weld  or  the  flange.  Although  there  is  no  proof  other  than  the 
irregular  shape  of  the  weld  and  leftover  slag  deposits,  it  is 
surmised  that  somewhere  in  the  history  of  this  tank  a reweld 
was  made  in  the  areas  marked  as  suspect  leak  sites  1,  2,  3 and 
4.  BAT  could  not  confirm  this  suspicion  metallurgically. 

4.  SEALING  SimPACES  AND  SOFT  METAL  SEALING  RING  ON  FLANGES 
a.  Test  History 

The  tanks  being  evaluated  in  this  program  were  removed 
from  storage  test  with  the  note  "Leaked  Around  Bolt  Hole"  in 
three  out  of  four  cases.  More  than  a,  year  elapsed  before 
these  tanks  were  specifically  committed  for  evaluation  under 
the  current  BAT  contract.  Because  of  the  extended  time  period, 

? t was  difficult  to  get  specific  verification  of  the  nature 
of  the  leakage,  and  there  was  some  possibility  that  not  all 
of  these  tanks  actually  leaked.  It  may  be  that  puddles  uf 
linuid  under  a.  tank  were  taken  to  indicate  leakage  of  that 
tank,  when  the  puddle  may  actually  have  come  from  a neighboring 
tank  or  from  a.  manifold  leak  not  strictly  associated  with  any 
tank.  However,  the  comments  on  the  tank  identity  tags  did 
represent  a serious  anomaly  that  required  investigation. 

The  bolt  holes  referred  to  in  the  tags  are  the  circle 
of  fourteen  bolts  used  to  attach  the  flange  cover  to  the  flanged 
opening  of  the  tanks.  As  described  in  the  Martin  fabrication 
reports  (References  5 and  6),  these  openings  were  designed 
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into  these  tanks  (as  they  are  in  almost  all  flight  hardware) 
to  allow  for  internal  fixtaring  of  the  girth  welds,  visual  and 
radiographic  inspection  of  welds,  and  in  the  case  of  some  tanks, 
for  inserting  and  servicing  any  positive  expulsion  devices. 

The  end  fitting  containing  the  flanga  was  machined  from  a 
forged  block  of  17-7  PH  stainless  steel  and  contained  the 
typical  heavy  walls  and  built-up  corner  sections  to  resist 
bending  loads  and  provide  a stable  surface  for  cover  attach- 
ment and  sealing.  The  cover  .plate  was  machined  from  17-7  PH 
stainless  steel  plate.  The  soft  metal  sealing  ring  was  of 
aluminum,  1/4  inch  wide  and  0,1  inch  thick,  which  fit  into  a 
machined  groove  in  each  member. 


After  receipt  at  BAT,  there  was  concern  about  the  re- 
ported leakage  and  about  the  suspect  areas  in  Tank  3,  discussed 
in  the  preceedlng  section.  Therefore,  tank  S/N  3 was  reassembled 
with  its  flange  cover  and  leak  tested  with  helium  pressure  for 
first  six,  and  then  thirty  days.  In  both  cases,  leakage  was 
inspected  for  by  both  monitoring  gage  pressure  and  also  com- 
pletely Immersing  the  assembled  tank  in  a walu-^  bath.  No  gage 
pressure  drop  or  formation  of  any  tank  surface  bubbles  was 
found  in  either  of  these  tests  that  would  indicate  any  leak 
path  in  the  tank  or  associated  cover  plate  or  Inlet/outlet 
tubes. 


b.  Observations 

An  overall  view  of  the  flange  of  tank  S/N  3 with  the 
aluminum  sealing  ring  in  place  is  shovm  in  Figure  46.  The 
corresponding  view  of  the  flange  cover  sealing  side  is  shown 
in  Figure  4?.  These  views  were  taken  after  the  30  day  water 
immersed  leak  test.  Slight  staining  of  the  stainless  steel 
and  of  the  aluminum  surfaces  exposed  to  the  water  had  occurred, 
but  these  are  not  readily  apparent.  Close  inspection  of  the 
groove  and  sealing  ridges  in  the  flange  cover  showed  the  groove 
to  be  reasonably  smooth  with  only  a very  slight  ripple  to  the 
surface  at  some  locations.  The  ridges  were  quite  smooth  and 
appeared  to  have  an  excellent  machined  surface  that  should 
ha^^e  provided  very  good  sealing  with  the  soft  aluminum  ring, 
assuming  sufficient  clamping  force  was  used.  This  is  shown 
in  Figure  48. 

When  tne  aluminum  sealing  ring  was  removed  from  the 
flange  side  of  the  Joint,  and  the  groove  and  sealing  ridges 
on  the  flange  closely  examined,  they  were  found  to  be  consider- 
ably less  smooth,  and  poorly  machined.  Several  areas  with 
chattering  and  smeared  or  torn  out  metal  were  seen,  such  as  Is 
F lown  in  view  a.  of  Figure  49.  The  areas  of  tearing  o.n  the 
j-houlder  and  crest  of  the  sealing  ridges  should  be  of  greatest 
concern,  since  it  is  those  ridges  bearing  into  the  soft  metal 
sealing  ring  which  produce  the  leak-tight  joint  characteristics 


The  groove  in  the  flange  side  contained  some  "sandy" 
residue,  as  seen  in  view  b of  Figure  49.  This  material  had 
been  wedged  between  the  inner  or  outer  diameter  of  the  sealing 
ring  and  the  side  of  the  groove.  There  was  no  evidence  of  it 
having  been  pressed  between  the  bottom  face  of  the  sealing  ring 
and  the  bottom  of  the  groove,  since  the  particles  would  have 
impressed  into  the  aluminum  surface  if  they  had  been  in  that 
location.  No  clue  could  be  gained  as  to  whether  this  residue 
was  primarily  wedged  between  the  outer  diameter  or  inner 
diameter. 

Identification  of  this  "sandy"  material  was  attempted 
through  the  use  of  X-ray  diffraction  powder  pattern  techniques, 

A definite  pattern  for  silica,  SiOg  was  found.  Electron  micro- 
probe  analysis  of  other  portions  of  the  "sandy"  residue  dis- 
closed particles  high  in  calcium  and  oxygen,  with  trace  amounts 
of  magnesium,  alvimlnum  and  potassium.  A likely  source  of  this 
very  fine  "sand"  would  be  wind  blowzi  particles  in  the  desert 
environment  of  Edwards  Air  Force  Base.  The  flange  to  cover  gap 
would  be  a likely  location  for  trapping  wind  blown  particles. 
These  particles  are  rounded  and  have  occasional  irregular, 
foreign  particles  mixed  in.  These  are  probably  the  calcium  con- 
taining particles  found  by  microprobe  and  may  be  gypsum  or  some 
variety  of  limestone,  common  in  desert  areas.  These  particles 
had  no  effect  on  the  sealing  capability  of  the  flange  and  cover. 


- 52 


The  soft  aluminum  sealing  ring  itself  was  also  closely 
examined.  Around  the  outer  periphery  of  the  ring,  where  it 
had  been  in  contact  with  water  for  the  extended  leak  test,  some 
minor  staining  was  present.  This  is  seen  in  view  a of  I^igure 
50.  The  side  of  the  sealing  ring  that  was  against  the  flange 
had  received  no  handling  or  disturbance  in  all  of  the  holding 

and  evaluation  time  since  hydrazine  exposure  testing.  This 

* 

surface  of  the  sealing  ring  showed  a definite  staining  of  the 
inner  portion  of  the  ring,  from  the  inner  diameter  to  the  first 
sealing  ridge.  This  would  be  the  region  exposed  to  hydrazine 
during  the  over  four  years  of  storage  testing.  This  staining 
is  shown  in  view  b of  Figure  50.  No  significant  corrosion 
depth  was  associated  with  either  this  hydrazine  staining  or 
the  water  induced  staining  discussed  above. 


The  depressions  formed  in  the  aluminum  ring  by  the 
sealing  ridges  of  the  flange  and  flange  cover  were  examined 
for  sealing  capability.  The  locations  where  chattering  and 
tearing  of  the  ridges  in  the  flange  had  been  found  showed 
corresponding  disturbance  of  the  aluminum.  An  example  is  seen 
in  view  c of  Figure  50.  This  flow  of  the  aluminum  into  and 
around  torn  and  roughened  regions  of  the  sealing  groove  pro- 
vides the  capability  for  good  sealing  even  when  the  flange 
and  cover  are  in  less  than  ideal  machined  condition.  As  long 
as  sufficient  sealing  force  is  applied  and  the  chattering  or 
tearing  does  not  leave  long  paths  of  very  deep  or  hidden  crevices 
the  soft  aluminum  sealing  ring  should  be  able  to  provide  adequate 
sealing. 
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A metallographlc  section  through  the  flange  in  the 
region  of  one  of  the  torn  areas  disclosed  no  material  anomalies 
to  exfilain  the  poor  machined  surface  at  that  point.  Figure  51, 
view  a.  The  raicrostructure  of  the  flange  is  relatively  coarse, 
being  machined  from  a large  forged  block  of  17-7  PH  stainless 
steel,  and  is  shown  in  Figure  51 > view  b.  There  was  no  evi- 
dence of  any  site  for  leak  paths  through  the  flange  material. 
Although  the  ferrite  stringers  are  oriented  perpendicular  to 
the  sealing  surface,  the  flange  in  this  region  is  over  one- 
half  inch  thick,  and  it  is  extremely  doubtful  that  any  leak 
path  could  be  formed,  even  along  the  ferrite  stringers  that 
are  present. 

c.  Metallurgical  Analysis 

As  mentioned  in  the  test  history,  the  examination  of 
the  flange  seal  was  deemed  important,  even  though  no  leak  was 
directly  observed  in  the  extended  leak  test  of  one  of  these 
tanks.  The  experimental  observations  showed  occasional  evidence 
of  poor  machining  of  the  sealing  grooves  and  ridges  in  the 
flange  and  flange  cover.  This  had  been  observed  by  the  manu- 
facturer, Martin-Denver,  and  reported  in  the  fabrication 
report.  References  5 and  6,  as  the  cause  of  a few  instaJices 
of  failure  to  meet  the  leak  test  requirements  in  the  as-fabri- 
cated condition.  According  to  the  fabrication  repo'^t,  rework 
of  the  sealing  groove  and  ridges  allowed  any  tank  which  had 
failed  leak  test  to  become  acceptable. 
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It  is  evident  from  evaluation  of  this  tank  that  some 
Instances  of  poor  machining  did  not  cause  any  leak  test  dif- 
ficulty, This  la  undoubtedly  due  to  the  soft  aluminum  seal 
being  able  to  flow  and  fill  any  torn  regions.  The  ability  of 
the  aluminum  to  flow  and  seal  small  crevices  and  torn  regions 
will  be  a function  of  the  applied  force  from  the  flange  bolt 
tightening  and  the  microgeometry  of  the  crevice.  It  seems 
likely  that  leaks  would  be  found  in  the  as-fabricated  condi- 
tion at  this  seal  only  when  the  bolt  tightening  was  not  suffi- 
cient (or  nonuniform)  or  when  some  unusual  crevice  geometry  is 
formed. 


The  original  sets  of  flange  bolts  from  these  tanks 
were  not  saved  after  draining  and  disassembly  of  the  tanks, 
nor  were  the , loosening  torque  values  recorded.  Therefore,  it 
is  Impossible  to  evaluate  whether  the  bolts  loosened  or  stretched 
due  to  long  term  creep,  the  moderate  temperature  excursions  known 
to  have  occurred  or  from  vibration  or  corrosive  effects.  Whan 
fresh  bolts  were  used  to  reseal  tank  S/N  3,  no  leakage  was 
found.  This  occurred  despite  the  fact  that  these  metal  sealed 
Joints  are  not  generally  considered  reusable. 

It  seems  most  likely  to  expect  that  the  reported 
"leakage  around  the  bolt  hole",  if  there  was  in  fact  leakage. 
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was  probably  due  to  loosening  ot  the  bolts  due  to  some  long 
term  storage  effect.  Future  evaluation  work  in  support  of 
this  "Long  Term  Storabllity  of  Propellant  Tankage"  program 
should  be  planned  to  investigate  the  final  tightness  and  long 
term  stability  of  bolts  used  in  the  closure  of  tanks  such  as 
this.  This  item  la  also  discussed  In  the  Recommendations  which 
follow. 
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SECTION  VI 


CONCLUSIONS  AND  RECOMMENDATIONS 

A.  CONCLUSIONS 

The  detailed  analysis  performed  on  these  four  tanks  fabri- 
cated from  two  grades  of  precipitation  hardenable  stainless 
steels  exposed  to  hydrazine  for  at  least  four  years  are  as 
follows : 

1.  There  was  no  evidence  of  a basic  incompatibility  existent 
between  either  the  AM350  tank  or  the  three  17-7  PH  tanks  with 
the  stored  propellant  hydrazine. 

2.  Corrosion  was  observed  in  only  one  of  the  tanks,  S/N  5 (one 
of  the  17-7  PH  tanka),  and  this  corrosion  was  confined  to  the 
outlet  fitting  and  inlet  tubing  and  fitting,  Since  the  fit- 
tings on  the  other  tanks  showed  no  corrosive  effects,  it  is 
concluded  that  the  corrosion  observed  occurred  after  the 
exposure  period,  and  was  the  result  of  Residue  propellant 

vapors  that  hydrolyzed  prior  to  the  metallurgical  examination. 
Hydrolysis  of  hydrazine  could  have  produced  a dilute  hydrogen 
chloride  environment  which  attacked  the  martensite  structure 
of  the  stainless  steel. 

3.  The  corrosion  of  the  outlet  fitting  resulted  in  the  complete 
penetration  of  the  wall  by  pitting  from  the  exterior.  The 

wall  in  this  area  had  been  thinned  by  mismachlnlng  to  0.008  to 
0.012  inch,  so  less  corrosion  was  necessary  than  would  normally 
be  expected.  Corrosion  inside  the  tubing  at  the  opposite  end 
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of  the  tank  (flange  end)  produced  only  slight  attack  of  the 
tube  wall  (less  than  0,001  inch  deep),  but  did  have  corrosion 
product  deposits  that  would  be  sufficient  to  cause  cleanliness 
difficulties  If  the  tank  and  tubing  were  to  be  reused. 

4.  Microprobe  and  X-ray  diffraction  analysis  of  corrosion 
products  within  the  tube  did  not  reveal  the  source  of  the 
Corrosion  but  did  establish  that  corrosion  of  a heat  treated 
martensite  structure  occurred.  The  corrosion  was  selective 

in  that  the  delta  ferrite  present  was  not  attacked,  while  the 
martensitic  matrix  was.  This  selective  attack  was  In  evidence 
in  the  motallographic  studies. 

5.  Although  chlorine  was  not  found  in  the  corrosion  products, 
the  surface  attack  and  pitting  that  occurred  are  Indicative  of 
dilute  acid  attack. 

6.  The  source  of  the  propellant  vapors  could  not  be  precisely 
identified.  The  following  areas  can  be  considered  suspect: 

a.  Leakage  at  valves  or  fittings. 

b.  Residual  propellant  liquid  or  vapors  left  Inside  the 
tank. 

7.  Detailed  analysis  of  the  flange  cover  seals  found  no 
explanation  of  the  leakage  at  these  locations  other  than  the 
possibility  that  fittings  and  flange  bolts  were  not  periodically 
checked  to  insure  that  torque  values  were  maintained  over  the 
prolonged  storage  perloC.  It  is  concluded  that  to  some  degree 
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creep  relaxation  could  have  occurred  which  would  allow  for 
vapor  or  liquid  leakage  to  occur. 

8.  Although  one  tube  weld  was  found  with  a misaligned  welo 
which  gave  incomplete  penetration,  the  tube  welds  from  all 
tanks  except  S/N  5 were  sound  with  no  evidence  of  leakage,  cor- 
rosion attack  or  other  anomalies.  The  tube  to  flange  or  tank 
outlet  welds,  although  containing  a deep  crevice,  which  could 
be  a source  of  corrosion  difficulty,  showed  no  corrosion  effects 
or  other  anomalies,  except  on  the  S/N  5 outlet  previously 
described. 

B.  RECOMMENDATIONS 

Based  on  the  analysis  made  on  the  four  tanks  submitted,  one 
fabricated  from  AM350  and  three  fabricated  from  17-7  PH  stainless 
steel,  the  following  recomiaendations  for  future  programs,  both 
long  term  storage  programs  and  Air  Force  production  systems 
utilizing  these  types  of  tanks  are  made: 

1.  Thoroughly  Inspect  all  welds  in  the  storage  system  to 
verify  quality,  pressurize  system  with  helium  gas  and  use  leak 
detector  to  establish  pressvire  tightness  of  system  prior  to 
propellant  loading  and  storage. 

2.  Isolate  each  storage  system  to  prevent  externeG.ly  induced 
corrosion  effects  produced  by  hydrolysis  of  leaking  propellant 
vapors  or  liquids. 


3.  When  tanks  are  removed  from  service  and  are  to  be  stored 
for  some  period  of  time,  it  is  imperative  to  drain  and  purge  the 
tank  and  associated  fittings  of  all  propellants.  In  this  pro- 
gram vapor  or  residual  propellant  left  in  fittings  caused  more 
corrosive  damage  than  actual  storage  with  hydrazine. 

4.  Monitor  the  storage  building  environment  to  detect 
presence  of  leaking  propellant  vapors;  or  install  liquid  level 
gages  on  each  storage  tank  to  detect  propellant  liquid  loss. 

5.  Thorough  draining  and  flushing  operations  should  be  per- 
formed on  propellant  tanks  after  long  term  storage  if  they  are 
to  be  reused.  Complete  drying  and  sealing  of  the  vessel  in 

a dry,  relatively  airtight  container  should  preclude  post- 
storage corrosion  effects.  This  recommendation  cannot  be  over- 
emphasized, since  BAT  has  not'  found  corrosion  of  internal  tank 

surfaces  regardless  of  the  propellant  stored.  Corrosion  found 

* 

in  the  past  two  programs  and  in  this  program  has  been 
associated  with  fittings  and  has.  been  of  a nature  which 
indicated  that  it  occurred  after  the  actual  storage  period  or 
was  outside  surface  attack  due  to  the  environment. 

6.  It  is  also  recommended  that  all  fittings  and  flanges  be 
checked  for  the  required  torque  values  on  a periodic  basis 

to  insure  that  leakage  from  this  source  is  eliminated  or  posi- 
tively identified. 
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7.  When  leakage  is  suspected  at  or  near  flange  closures 
upon  removal  from  test,  the  breakaway  torque  to  reniove  closure 
bolts  or  fittings  should  be  carefully  measured.  This  is  the 
only  positive  manner  to  determine  whether  loosening  of  nuts 
or  creep  nf  the  bolt  has  occurred  during  storage  service  or 
test. 
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TABLE  II 

SLWIARY  OF  SIGMIFICANT  FABRICATIOK 
CHARACTERISTICS  FOR  TANKS  EVALUATED 


TABLE  III 


MECHANICAL  PROPERTIES  OR  AM350 
BASE  METAL  AND  GIRTH  WELDS 


FROM  TANK  S/N  1 (CRT  TEMPER)  TEST  SPECIMENS 
WERE  REMOVED  FROM  LONGITUDINAL  AXIS  OF  TANK 


SPECIMEN 

NUMBER 

ULTIMATE 

TENSILE 

STRENGTH 

(PSI) 

YIELD 

STRENGTH 

0.25^  OFFSET 

(MI) 

ELONGATION 
% IN 

2 INCHES 

BASE  METAL 

1. 

201,200 

168,400 

7 

2. 

200,100 

16 7 >900 

7 

3. 

200,300 

167,400 

8 

WELD  METAL 

1. 

170,200 

94*600 

2. 

177 i 000 

97,400 

3. 

177,^00 

96,600 

(A)  Since  the  test  bars  were  reiroved  from  the  tank’s 
central  section  along  the  longitudinal  axis  of  the 
tank,  the  properties  are  believed  to  represent  the 
transverse  direction  of  the  original  rolled  sheet 
if  the  assumed  fabrication  sequence  is  correct. 

(B)  Weldb  not  jround  flush. 

(C)  Broke  at  edge  of  weld. 
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TABLE  IV 


MECHANICAL  PROPERTIES  OF  17-7  PH  (TH1050) 
BASE  METAL  AND  GIRTH  WELD 
TANK  S/N  3 

TEST  SPECIMENS  WERE  REMOVED  FROM 
LONGITUDINAL  AXIS  OF  TANK 


SPECIMEN 

NUMBER 

ULTIMATE 

TENSILE 

STRENGTH 

(PSI) 

YIELD 

STRENGTH 

0.2?^  OFFSET 
(PSI) 

ELONGATION 
% IN 

2 INCHES 

BASE  METAL 

3C  - 1. 

212,700 

197,600 

6 

3C  - 2. 

211,900 

198,100 

6 

3C  - 3. 

216,200 

203,200 

6 

WELD  METAL 

3CrW  - 1. 

136,500 

75,900 

4 (C) 

/ « \ 

3GW  - 2. 

128,700 

70,700 

3 

saw  - 3^ 

130,900 

67,100 

2 (0 ) 

(A)  Since  the  test  bars  were  removed  from  the  tanks  central 
secoion  along  the  longitudinal  axis  of  the  tank,  the 
properties  are  believed  to  represent  the  transverse 
direction  of  the  original  rolled  sheet  if  the  assumed 
fabrication  sequence  is  correct. 

(B)  Welds  not  ground  flush. 

(C)  Edge  of  weld  failure. 
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TABLE  V 
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MECHANICAL  PROPERTIES  OF  17-7  PH  (TH1050) 
BASE  METAL  AND  GIRTH  WELDS 
TANK  S/N  4 

TEST  SPECIMENS  WERE  REMOVED  PROM 
LONGITUDINAL  AXIS  OF  TANK 


SPECIMEN 

NUMBER 

ULTIMATE 

TENSILE 

STRENGTH 

(PSI) 

YIELD 

STRENGTH 

0.2$^  OFFSET 
(PSI) 

ELONGATION 
^ IN 

2 INCHES 

BASE  METAL 

1. 

215,600 

201,600 

7.0 

2. 

216,300 

202,900 

7.0 

3. 

216,000 

197,000 

7.0 

WELD  METAL 

1. 

143,200 

86,400 

4.0 

(C) 

2. 

140,000 

85,800 

4.0 

(C) 

3. 

137,700 

80, 400 

4.0 

(C) 

(A)  Since  the  test  bars  were  removed  from  the  tanks 
central  section  along  the  longitudinal  axis  of  the 
tankj  the  properties  are  believed  to  represent  the 
transverse  direction  of  the  original  rolled  sheet 
if  the  assumed  fabrication  sequence  is  correct. 

(B)  Welds  not  ground  flush. 

(C)  Edge  of  weld  failure. 
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TABLE  VI 

MECHANICAL  PROPERTIES  OF  17-7  PH  (TH1050) 


BASE  METAL  AND  GIRTH  WELDS 
TANK  S/N  5 

TEST  SPECIMENS  WERE  REMOVED  FROM  /.v, 
LONGITUDINAL  AXIS  OF  TANK  ^ ^ 


SPECIMEN 

NUMBER 

ULTIMATE 

TENSILE 

STRENGTH 

(PSI) 

YIELD 

STRENGTH 

0.25^  OFFSET 
(PSI) 

ELONGATION 
% IN 

2 INCHES 

BASE  METAL 

1. 

220,000 

20'7,000 

8 

2. 

220,000 

208,000 

7 

3. 

220,000 

207,000 

7 

WELD  METAL 

1. 

137,000 

89,400 

5 

(C) 

2. 

139,000 

85,500 

4 

(C) 

3. 

i4i,50o 

93,000 

4 

(C) 

(A)  Since  the  test  bars  were  removed  from  the  tanks 
central  section  along  the  longitudinal  axis  of 
the  tank,  the  properties  are  believed  to  represent 
the  transverse  direction  of  the  original  rolled 
sheet  if  the  assumed  fabrication  sequence  is  correct. 

(B)  Welds  not  ground  flush. 

(C)  Edge  of  weld  failures. 
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F’RUhE  If,  MICROSTRUCTURE  OF,  AM350  STAINLESS  STEEL  SHELL  MATERIALS 
USED  IN  FABRICATION  OF  TANK  S/N  1. 
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Mac:  200X 
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Dome  Component 


FIGURE  18.  MICROSTHUCTURE  AND  SURFACE  CROSS  SECTIONS  OF 

17-71  ..■.■•inless  steel  materials  used  in  tank  S/N  3 


Mag:  5G0X 
Etch:  Vllella’s 


a)  Cylindrical  Shell  b)  Dome  (Explosive 

(Rolled  Sheet)  Formed  Sheet) 

FIGURE  19<  MICROSTRUCTURE  OF  THE  17— 7RH  STAINLESS  STEEL  SHELL 
MATERIALS  USED  IN  FABRICATION  OF  TANK  S/N  3 
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riOURS  21.  MtftROSTRUCTURE  OF  THll-iT»?PH  STA:i.NLE8S  STEEL  SHELL 
MATERIALS  USED  IN  FABMOATION  OF  TANK  S/N  4 
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c'l  Outlet  Fitt;Inf^  to  Dome  Weld 

All  '/:I.ewa  - Mag.  s lOX  Mat  M : AM3!?0  Etch:  Ammonium  Pejpsulfata 

FIGURE  24,  CROSS  SECTION  OF  TANK  SKELL  WEI.DS  FROM  TAFfK  S/N  1 
tHOWlM  WELD  BEAD  OONFiaURAT ION. 

METALLUROICAL  LABORATi'HY  MET  NO,  /S-f'QOlh 


OD  surface 

a)  Crli'th  Wold  on  Flange  Dome  Side 

Mat'l:  AM350 


ID  Surface 


' ■ ' • . > " ' 
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i , ,^',A<,.3  y;‘r%ll 


•OD  Surface  ‘ '■  M&g.  *.  I'OOX  . ' ' TD  SurTaoe 

b)  Outlet  Tube  to  Connector  Fitting  Weld 

Mat'l;  AISI  34?  Stalnil.OBG  Steel 


FXaURE  25.  SURFACE  CROSS  SECTIONS  SHOWING  ABSENCB':  OF  ANY 

SURFACE  ATTACK  IN  fANK  AND  TUBE  WELDS  FROM  S/N  1 


WALW3Rdf^M30l(Af?ORV"'MS1?  NO.  76-79016 


Weld  ID  Surface  Outlet  Fitting 

a)  Outlet  Flttln^r  to  Doim;  Wold  showing  coarse  Structure 
(;f  Fittitu'  but  no  C''rronlon  or  oven  alteration  of  as 
mu(;i\  1 U' 'd  i ti;'.  1 il/.-  r.u )'■  r ' 0 e . 


ori  F-urr'i..,'.'!  ID  Surface 

ij)  Oirtri  W'!.l.d  on  Cylinder  Side 

All  Vi - M:  : lOOX,  Etch:  Vilella’s 

FraURE  ?Y.  ilLOil  NUaNlFICATION  VIEWS  OF  TWO  TANK  S/N  3‘WBLDS 
CiloW'Nd  A'lSKNCK  OF  ANY  SURFACE  ATTACK. 

METAl.il  ' Ub’AL  LATORATORY  MEl'  NO.  76-79016 
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a)  Flange  to  Dome  Weld 


f 

r; 


f- 

b. 

5 

f 

p 

\ 

{ 

i 

i 

t 

I 

I' 


r 

i 


I 


All  Views 


c)  Outlet  Fitti'-ig  to  Dome  Weld 
Mag.;  lOX  Mat ' 1 : I.7-7PH  SS  Etch:  Vilella’s 


' CROSS  SECTION  OF  TANK  SHELL  WELDS  FROM 
■’  ■ TANK  S/N  4,  SDOWTNO  WELD  i3EAD  CONFIGURATION. 

i 

; METALLURG fCAL  LABORATORY  MET  NO.  76-79016 
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'm 


OD  Surface 

a)  Flange  to  Dome  Weld 


ID  Surface 
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OD  Surface 


ID  Surface 


b)  Girth  Weld  on  Cylinder  Side 


All  Views  - Mag:  lOOX  Mat ' 1 : 17-7PH  Stainless  Steel 

Etch;  Vllella's 


FIGURE  29.  High  magnification  views  of  two  tank  S/N  4 

WELDS  SHOWING  ABSENCE  OF  ANY  SURFACE  ATTACK, 


METALLURGICAL  LABORATORY  MET  NO.  76-79C16 
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999m 


a)  Plsunge  to  Dome  Weld  Showing  Con?  i dorao  1 V riat 

inf  Joint  Thickness 


s- 
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f 


•V  < 

' 'd  • ■ . 


b)  Flange  Dome  to  Cylinder  :!. r‘t!i  W'il-i 


c)  Outlet  Dome  to  cylinder  airth  Well 

All  Views  - Mag.:  lOX  Mat’l:  1/  ^'Fii  sc  ia:-:!: 

'36.  .l-GlfeSS  SECTION  OF  TANK  SHELL  Wfv.i'C  :■  hOM 
^iOWINO  WELD  BEAD  CONFI CURATi  ri 

iii^jMUROICAL  LABORATORY  MKT  NO.  o,. 

« 04  * 


Ion 


Vilel 

TANK 


i'  K)lb 


ID  Surface 


on  Surface 


b)  Girth  Weld  on  Cylinder  Side 
All  Views  - : lOOX  Maf’l:  17-7PH  Etch;  Vllella's 


FIGURE  31.  HIGH  MAGNIFICATION  VIEWS  OP  TWO  TANK.S/N  f) 
WELDS  SHOWING  ABSENCE  OP  ANY  SURPACE'  ATTaCK. 


METALLURGICAL  LABORATORY  MET  NO.  76-79016 
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■'  a)'- '.flange  tube  to  '-onneotor  f:itti.ru;f  w>2id 


b)  Connector  fitting  to  extension  tube  weld 


c)  Outlet  tube  to  connector  fitting  weld 
All  views:  Mag.;  .iOX  ’l-'.t'I:  AISI  3^7  SS  Etch:  Mixed  Acids 


FIGURE  32.  CONFIGUKAT'oN  'd’  TUdE  WELDS  FR0‘.!  TANK  5/N  1 
PRODUCED  BY  "ASTRO  AHC"  PROCESS. 


METALLURGICAL  lABORATORV  '.:ET  NO.  ,Yc-790l6 
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Mag. : lOX  Mag. : lOOX 

a)  Overall  view  of  weld  joint  b)  Detail  views  of  unfused  .luint 
showing  considerable  amount  edges  showing  no  corrosion  or 

of  original  j'olnt  preparation  other  effects 

still  visible 

Mat*l:  AISI  34?  Stainless  Steel  Etch:  Mixed  Acids 


FIOtmE  3^^. 


TUBE  WELD  PRCM  TANK  S/N  4 (OUTLET  CONNECTOR  FITTING  TO 
EXTENSION  TUBE),  SHOWING  POOR  LOCATING  OF  WELD  TO 
ORIGINAL  JOINT  PREPARATION,  OmNG  CONSIDERABLE  LACK 
OP  FUSION  BUT  NO-  JOINT  LEAKAGE. 


METALLURGICAL  LABORATORY  MET  NO.  76-79016 
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•i'ij 


k'.  't-fc 


t 'wI'‘^ 


■*  If  * - ' "O 


’. nterior  surface  at  locution  of  corroded  oxter icr  o 
fitting.  Note  crac'K-iike  discontinuity. 


Cross  section  of  outlet 
fitting  showing  extreme 
thinning  from  machining 
olus  corrosion 


Mag.:  32X 

c)  View  of  corroded  region  showing 
extensive  corrosion  on.  exterior 
surface 


Cross  section  in  outlet 
fitting  of  Tank  S/N  4 showing 
thinning  but  not  to  extent  of 
T-unk  S/N  5 


Close  up  view  lo'  ci^rrosior. 
and  oeuotrutiivi  te  interior 


Fr'NJRE  3d.  INTERIOR  AND  CROSS  SECTION  VIEWS  AT  "'Rr 
OUTLET  FITTINO  OF  TANK  S/N  5. 

METALLUBaTCAL  LAf30RAT0RY  MET  NO.  ■ I'o-  C ' g- 


- 100 


200X 

a)  Overall  view  slwitliiil''''  '■  b)  Area  wheira  matrix  of 

orientation  of  ferrite  transformed  martensite  has 


stringers  across  thinned  down  been  preferentially  attacked 

tnembrane  of  outlet  fitting.  leaving  ferrite  stringers 

unattacked. 


Magi  50QX  itegj  50PX 


c)  Detail  view  of  area  where  attack  d)  Detail  view  at  leakage  or 
la  proceeding  along  ferrite  to  complete  penetration  site, 

martensite  phase  boundary. 

All  views  - Etch:  Picric  Acld/Hcl 

Matl:  17-7  PH  Stainless  Steel 

PIODRE  37.  VIEWS  OP  LEAK  AREA,  IN  OUTLET  OF  TANK  S/N  5 SHOWING 

RELATION  OP  ATTACK  TO  PEERITE  AND  TRANSFORMED  MATRIX 
COMPONENTS  OP  MtCl^OSTRUCTUKE. 


LABORATORY 
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outer  Surface 


FIGURE  38. 


Mag:  lOOX 


Inner  Svirface 


Mag:  lOOX 


Edge  of  weld  at  exterior  and  interior  surface  showing  no 
corrosive  attack. 


TUBE  TO  CONNECTOR  WELD  PROM  OUTLET  TUBE  OF  TANK  S/N  5, 
ADJACENT  TO  AREA  WHERE  CORROSION  WAS  OBSERVED  ON 
OUTLET  PITTING. 

METALL^aiCAL  LABORATORY 
MET  NO.  76-79016 
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mrnmmm 


Mag. : 200X 

d)  Microst i’uctur;-’  ••  t w<=.ld  underbead  surface  Illustrating  shallow 

corrosi-m  observed 

A12  views  - Mat'd:  AISI  321/34?  Stainless  Steel 

FiajPE  39.  VIEWS  OF  DEPOSIT  FOUND  'iN  TUBE  AT  PLANOE  END  OP  TANK  S/N  5 
AND  CROSS  SECTIONS  OF  UNDERLYING  WELD, 

fvrETALLUROTCAL  LABORATORY  MET  NO.  76-79016 
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b)  Deposits  on  surface  of 


Ma^:  5X 

son.l  Irij-’;  Tnetnber  uafter  sectioning. 


Mag;  15X  | 

Clo8®“V4p  view  of  deposit  color  is  ijreddish  brown  to  dark 
" occas tonal  lighter  brown  streaks. 

■QURB  40.  DEPOSITS  ON  INNER  SURFACE  OF  SEALING  RING  PROM  RPL 
' CGHNECTOR  IN  PTANGE  TUBE  OF  TANK  S/N  5* 


METALLURGICAL  LABORATORY 


3X 

a)  Area  marked  #1  showing  spot  of  oxide  or  "slag*'  adhering  to 
side  of  weld  and  giving  the  suggestion  of  retnalning  Intact 
when  a second  pass  (more  rippled  appearance)  was  made. 
Marked  Area  #1  is  shown  in  Figure  o. 


Mag. ; lOX 


b)  Area  marked  #3  where  a condition  similar  to  (a)  above  has 
been  partly  obliterated  by  post-welding  /.andlng  or  brushing 
Marked  Area  is  shown  in  Figure  8. 


FIGURE  41.  SURFACE  CONDITIONS  VISIBLE  ON  WELD  CROWN  (EXTERIOR) 
IN  LOCATIONS  MARKED  AS  SUSPECT  ON  GIRTH  WELD  OP 
TANK  S/N  3. 


METALLURGICAL  LABORATORY  MET  NO.  76-79016 


Examole  of  Interior  appearance  (Area  #1)  where  the  suri  aoo  oxid-j. 
from  a previoSs  weld  his  been 

reweldiug  so  that  a discontinuous  surface  is  form-.  . . ^ 

Area  #1  shown  In  Figure  8. 


FIGURE  42.  SURFACE  CONDITIONS  VISIBLE  ON  WELD  UNDER IMiAD 
(TANK  INTERIOR)  IN  WCATIONS  Ab 

StiSPECT  ON  OIRTH  l^LD  OF  TANK  S/N  5* 


i^ALLOROICAL  lAB^NWJGSY  MET  NO.  -76-79016 
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a)  S.ection  near  (but  not  In)  suspect  areas  showing  no  evidence 
of  reweldlng.  At  white  arrow  Is  the  crest  of  a condition 
very  similar  to  that  shown  In  Figure  4l. 


Both  views  - 
Mag:  32X 

Etch:  Picric  Acid 
plus  HCl 
Matl:  17-7  PH  ■ 
Stainless 
Steel 


b)  Section  at  area  approximately  180*  from  the  marked 
suspect  areas. 


FIGURE  43.  CROSS  SECTIONS  THROUGH  PORTIONS  OF  THE  GIRTH  WELD 
OP  TANK  S/N  3. 


METALLURGICAL  LABOR-\TORY 
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Print  is  magnified  two  times  original  size 

Reproduction  of  X-ray  reverses  the  normal  shadings  Light 
areas  on  X-ray  (meaning. thicker  section  thickness)  become 
dark  areas  in  above  print.  Overall  view  of  area  studied 
is  shown  in  Figure  8. 


f'-- 
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I. 


PltltlRE  r.'^PRODUCT^^  OP  RADIOGRAPH  PROM  SUSPECT  REGION  OP 
'GIRTH  WELD -OP  TANK  S/N  3. 

METALLUFCICAL  LABORATORY 
MET  NO.  76-79016 
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Mag:  5X 


Mag : 5X 
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ASPECT  SEALING. 
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^^-:V::s. ; Mag:  8X 

h)  Deposits  Ahd  residue  In  form  of 
"send"  found  between  seal  ring 
and  groove. 


ittvmmtn  liA  nipfrATT  VTffWA  OF  SEALING  GROOVE  AND  RIDGES  IN  FLANGE. 

tvms  49.  Sn  RIDOE  is  most  critical  to 

SEALING  CAPABILITY. 

METALLURGICAT  LABORATORY 
MET  NO.  T6-79OI0 
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a)  Sealing  ring  whlD.e  still 
in  place  on  flange.  Minor 
stainirig  of  alnininum  is 
result  of  one  month  water 
immersion  for  leak  test. 
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b)  Si'le  of  ring  In  fnjntact 
with  f'larige  after  removal. 
Mote  stainirig  on  iiyir-i/ine 
side  up  to  first  sealing 
n dge . 


Mag:  3X 


c)  Scaling  ring  in  regicn'i 
of  chattered  surface  of 
f i a n g e . N o t n t I’l  a t 
a.-luminum  formed  around 
torn  out  ridge. 


FIGURE-  50. 
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a)  Cross  section  through  sealing  ring  groove  where  some, 
chattering  occurred.  Ridge  at  arrow  was  slA^tiy  toRi. 
No  material  anomaly  is  visible  to  explain  chatt.erlng . 
and  tearing. 


Etch;  Mixed  Acids  Mag.;  ,,100X 

b)  Microstructure  showing  very  elongated  ferrite' Stringers 
In  a matrix  of  transformed  martensite. 

FIGURE -51.  MICROSTRUCTURE  AND  GRAIN  ORIENTATION  IN  PtANOE 
UlOER  SEAL  RINO  GROOVE  OF  TANK  S/N  3. 
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